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Another reason why 


your telephone 


gives so much for so little 


Studying punched card record of 
dial system operation. Each card (top) 
can report 1080 items 


In a large, modern dial telephone office, 
2,000,000 switch contacts await the 
orders of your dial—and 10,000 of them 
may be needed to clear a path for your 
voice when you make a call. 

Within this maze of signal paths, 
faults—though infrequent—must be de- 
tected and fixed before they can impair 
telephone service. 

The latest system developed by Bell 
Telephone Laboratories automatically 
detects its own faults, detours calls 
around them without delay—then 


makes out a “written” report on what 
happened. 

The fault may be a broken wire, or 
a high resistance caused by specks of 
dirt on switch contacts. In one second, 
the trouble recorder punches out a card, 
noting in detail the circuits involved 
and the stage in the switching opera- 
tion where the fault appeared. 

This is another example of how re- 
search at Bell Laboratories helps your 
telephone system operate at top effi- 
ciency, so the cost to you stays low. 

















i For a Real Vacation—MICHIGAN 
“Annual Meeting of the ASEE, Michigan State College, June 25-29, 1951 


By ROBERT J. FURLONG 


is 7 


a 
© Michigan is called a “Water Wonder- 
land.” Implied in this title is the longest 
fshoreline in the nation—3000 miles of it 
along the Great Lakes. Within Michi- 
Pgan’s boundaries are 36,000 miles of rivers 
yand streams. Many of these waters are 
Well known to trout fishermen the world 
loyver—the Boardman, the Pere Marquette, 
the Ontonagon, the Au Sable and the 
y anistee, to name a few. There are 11,- 
000 inland lakes in Michigan, most of 
em well stocked with the kind of fish 
a ou can catch from a boat or a dock. 
' Thousands upon thousands of acres of 
forests form the background for Michi- 
@an’s mighty water resources. They pro- 
Aide beautiful scenery and offer cover and 
food for deer, bear, small game and up- 
| * birds. 
' There is a network of good highways 
throughout the state and bus, train and 
plane facilities are among the most mod- 
fn in the Midwest. Accommodations for 
the tourist range from swank resort hotels 
) backwoods cabins. 
/A card or a letter to the Michigan 
fourist Council, 114 South Walnut, Lan- 
ing, will bring detailed information on 
ere to go and what to see in Michigan. 
q in the Upper Peninsula, the accent is 
in the primitive, yet every degree of va- 
tation comfort can be found here. Some 
Bf Michigan’s most completely equipped 
sorts and summer hotels are in the Up- 
Peninsula. Her golf courses are 
iporty and beautiful. Her paved high- 
Ways wind through heavy timber and her 
fities and towns are famous for their 
bspitality. 


Administrative Secretary, Michigan Tourist Council 


The Upper Peninsula’s rugged scenery 
will be long remembered by the vaca- 
tionist. Her Lake Superior shores with 
their pictured rocks are famous. Her 
inland lakes, many of them in out-of-the- 
way places, are unsurpassed in natural 
beauty. Here too, are rippling streams 
well stocked with trout. 

Some of the state’s most popular spe- 
cial attractions are in the Upper Penin- 
sula. The great Soo Locks, for instance, 
bring tourists from all over the world to 
Sault Ste. Marie, Michigan’s oldest city. 
The Keweenaw Peninsula, jutting into 
Lake Superior, is rich in beauty and his- 
tory. Many years ago when copper was 
king, some of America’s most roaring 
boom towns were located here. 

At the eastern gateway to the Upper 
Peninsula is the village of St. Ignace, 
burial place of Father Marquette, famous 
missionary explorer. Four miles east of 
St. Ignace is Mackinac Island where you 
find yourself in a pre-revolutionary at- 
mosphere. Old Fort Mackinae, the origi- 
nal Astor Fur House and the Old Mis- 
sion Chureh are here now just as they 
were in the 18th century. 

There is no monotony in a trip through 
Michigan. To get from the Upper to the 
Lower Peninsula you will enjoy an hour- 
long boat trip across the blue waters of 
the Straits of Mackinac. Michigan’s 
Highway Department operates huge fer- 
ries to transport passengers and cars 
from one peninsula to the other. 

Additional variety will be found in the 
Lower Peninsula. As the vacationist 
leaves the ferry at Mackinaw City, he has 
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a choice of interesting trips. To the west 
is a drive down the Lake Michigan side 
of the state. To the east is an avenue of 
timber along Lake Huron. A third route 
would take him through the center of the 
peninsula. 

The trip through the western part of 
Michigan is a journey through one of the 
best known vacation lands in America. 
The Lake Michigan shore has miles upon 
miles of white, sandy beaches. Here are 
the famous shifting sand dunes. Here 
too, are never-to-be-forgotten sunsets. 
Michigan’s cherry country, highlighted 
each year by the famed Cherry Festival 
at Traverse City, is in Western Michigan. 
Petoskey, Charlevoix, Glen Lake, Torch 
Lake, Interlochen—these are names syn- 
onymous with the word “vacation” and 
they are all found in western Michigan. 

South along the Lake Michigan shore 
are the beaches at Grand Haven. Grand 
Rapids, the world’s furniture center, is a 
highlight on a trip through the western 
part of the state. No visit to this section 
of Michigan would be complete without 
a stop at Battle Creek, famous for its 
breakfast foods, or a stay at Holland, 
home of the Tulip Festival. 

If the vacationist chooses the Lake 
Huron shore as he leaves Mackinaw City, 
he begins one of Michigan’s most beauti- 
ful drives. He follows a timber-bordered 
highway along another of the Great 
Lakes. Here too are cities and towns 
famous for their special attractions and 
hospitality—Rogers City, Alpena, Harris- 
ville, Oscoda, the Tawases, Au Gres, 
Standish and others. Some of Michi- 
gan’s best fishing is in this part of the 
state and as in other sections, accommoda- 
tions to suit every whim are available. 

Bay City and Saginaw are included on 
the drive down the eastern side of Michi- 
gan. These cities, created by Michigan’s 


lumber industry are “musts” on every 
stop-over list. 

Continuing down the Lake Huron side 
of the state, the vacationist reaches the 
famous “Thumb” area of Michigan, so 
called because of its resemblance to a 
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section of the mitten-like topography of 
the Lower Peninsula. The “Thumb” adds 
materially to the state’s rugged beauty. 
The shorelines here are sometimes jagged, 
sometimes smooth, but always  awe- 
inspiring. 

Southward along Lake Huron the vaea- 
tionist sees the huge Blue Water Bridge 
which links this part of America with 
Canada. Farther south he arrives at the 
city that put the world on wheels—De- 
troit.. Here too is legendary Greenfield 
Village, the transplanted town of revolu- 
tionary days assembled and built by 
Henry Ford. 

The trip from Mackinaw City through 
the center of Michigan takes the vaca- 
tionist to such popular places at Cheboy- 
gan, Indian River, Gaylord, Grayling, 
Roscommon, Houghton Lake and Clare. 
Here he will cross the mighty Au Sable 
River. Inland lakes with their pike, bass, 
and pan fish are near the highway. A 
short trip will take him to the West 
Branch area known to outdoorsmen the 
nation over. Mount Pleasant, oil capital 
of Michigan, is on this central route 
through the state. 

Michigan’s capital at Lansing, and East 
Lansing with Michigan State College, add 
variety to the trip. Southward is Jack- 
son, the Irish Hills area and the Univer- 
sity of Michigan at Ann Arbor. Also, 
some of the state’s best developed public 
recreational areas are found in the south- 
ern counties. 

Yes, Michigan is a land of contrasts. 
To the sportsman, it is a fisherman’s 
paradise and a happy hunting ground. 
To the lover of scenery, it is an adventure. 
To the young it is a playground. To the 
history-minded it is a text book. To 
every vacationer it is “Michigan, a State 
of Happiness.” 

The Michigan Tourist Council main- 
tains information offices at: 114 S. Wal- 
nut Street, Lansing, Michigan; 19 Cadil- 
lac Square, Detroit, Michigan; 230 N. 
Michigan Avenue, Chicago, Illinois and 
1114 Chester, Cleveland, Ohio. The serv- 
ices of these centers are available free of 
charge. 
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Educational Maturity Is the Goal* 


By N. W. DOUGHERTY 


Dean of Engineering, The University of Tennessee 


Engineering curricula grew out of the 
liberal arts, first as options, then as 
courses of their own. As engineers in- 
ereased their writings, technical subject 
matter was substituted for liberal arts 
courses until the arts content reached a 
minimum about 1920. Throughout the 
development of engineering education 
there has been a trend toward crowding 
the program with subject matter until 
today engineering teachers are consider- 
ing increasing the time to complete the 
courses necessary for a bachelor’s degree. 

The liberal arts educator has sailed 
through such a sea of material that he 
knows he cannot devise a program which 
will introduce the student to all subject 
matter; he, consequently, fixes a minimum 
number of credits for graduation. Since 
the student is not preparing for any par- 
ticular task, the arts faculties are not 
concerned about blind spots or neglected 
areas of knowledge. 

Engineers have constructed their pro- 
grams on the basis of needed knowledge 
or desirable instruction. As their tech- 
nology expanded, they introduced more 
and more subject matter; they squeezed 
out the general material and are now in 
the process of trying to get some of it 
back again. They have tabulated per- 
centages of time devoted to each topic 
and are now spending good effort on the 
problem of breaking down the percent- 
ages to the minimum necessary to get a 
speaking knowledge of subject matter in 
many fields. Sometimes they act as if 
the student will never undertake to study 


* Presented at a meeting of the South- 
eastern Section, Fontana Village, N. C., Au- 
gust 28, 1949. 
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any more after he leaves college; their 
procedures are designed to insure that 
this objective will be achieved. 

Why not approach the problems as one 
of intellectual maturity rather than as 
one of accumulating credits? Let the 
student arrange a program which will 
contribute to this most desirable of edu- 
cational objectives and as a by-product 
allow him to accumulate knowledge, in- 
formation and certain of the engineering 
techniques. Instead of requiring a cer- 
tain number of hours credit, require a 
certain number of years of growth, or 
maturity. Obviously all students will not 
mature the same amount in a given time, 
but neither will they accumulate the same 
number of eredits in a given time. If, 
after four years of effort, they show no 
signs of maturity, they will o¢eupy the 
same position now occupied by their 
brethren who do not have the hours or the 
quality credits. 


Time Element 


If we consider maturity as the objec- 
tive the time element must of necessity 
be very important. A child of four is 
quite different from a child of eight; a 
youth of eighteen is very different from 
a young man of twenty-two. During the 
four year period from eighteen to twenty- 
two the mental stature is determined. If 
the prospect does not show promise by 
twenty-two he will probably never be 
more than an average intellectual. We 
ean, with considerable assurance, fix the 
period of desirable educational experi- 
ence and then fit the program to the 
greatest possible growth of those who 
pursue it. 
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As long as we determine length of pro- 
gram by the amount of subject-matter 
we believe desirable, we will continue to 
ask for more time. In engineering we 
are being beset by a group of reformers 
who want five and six years to cover sub- 
ject matter for the first degree. What 
evidence have we that emphasis on sub- 
ject matter is what we want? There is no 
possibility of studying all the material 
which may be useful in engineering prac- 
tice, and if all such material could be in- 
cluded, there is no assurance that it can 
be remembered in usable form. 

A great majority of engineering edu- 
eators are committed to a four year un- 
dergraduate program; they have stated 
their aims and objectives and have stated 
the relation of technical instruction to 
humanistic-social studies. All of the un- 
dergraduate work should be an integrated 
whole, rather than a series of courses in 
related fields. 

It is folly to think of liberal arts as 
cultural subject matter rather than as 
preparation for engineering. Culture is 
an attitude of mind, a method of ap- 
proach, a way of thinking rather than 
knowledge of any set of facts or theories. 
Its essence is humility before all knowl- 
edge and thankfulness that it may drink 
deep at the spring which will never run 
dry. Knowledge is not culture, knowl- 
edge of the humanities is not culture. 
Learning, lovingly attained and used in 
the art of living, borders on culture; the 
real culture is a by-product of open- 
minded search for truth wherever it may 
be found. 

The problem of building a curriculum 
on subject matter is illustrated by the 
many requirements in mathematics. All 
engineers believe that a certain amount 
of mathematics is essential; there their 
agreement ceases, because of the needs in 
the various fields. Many years ago a com- 
mittee studied engineering operations and 
presented a syllabus of minimum needs 
in the many divisions of mathematics, 
but there is lack of uniformity in course 
requirements. Whether there should be 
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three, four or five hours per week during 
the first two years depends upon the com- 
promise achieved by those who build the 
curriculum. The difficulty is created be- 
cause three hours are enough for some, 
and five hours are not enough for others, 

It is as logical to approach the prob- 
lem of any kind of education from the 
point of view of time available as from 
the dictum that students should be ex- 
posed to a certain volume of subject mat- 
ter. So much of the fact learning is for- 
gotten, almost immediately, that we must 
look elsewhere for something which is 
abiding, something which will continue 
through a lifetime. Method, approach, 
attitude, spirit and maturity are perma- 
nent possessions; these are the title deeds 
of the educational process. 

When the time element is fixed, we may 
not be able to always agree on the subject 
matter which should be included in the 
program, but the problem will be far 
simpler than the one posed by emphasis 
on subject matter. Work in any subject 
matter field may be made to achieve the 
general objectives, thus making the by- 
products depend upon the choice of sub- 
ject matter. Obviously, the different 
fields of engineering will require studies 
in their own technology, but the student 
will not be neglected if he attain maturity 
in one topic rather than another. 


Fundamentals and Specialization 


The answer to the conflict between 
fundamentals and specialization will be 
resolved on the basis of student growth 
rather than on the basis of information 
and techniques for a special job. Infor- 
mation courses are easy to give, and the 
results are easily tested, but their contri- 
bution is background and atmosphere 
rather than to the major objectives of 
education. Under the concept of growth 
and maturity, subject matter may range 
over a wide area but to get growth it must 
pass from the simple to the complex. 
No student can mature on the study of 
sophomore courses no matter how many 
credits he may acquire. 
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If we build individual courses, or com- 
binations of courses, on the basis of de- 
sirable subject matter we will lengthen 
the program with each new discovery of 
knowledge, or each time a college profes- 
sor gets the urge to increase the number 
of pages in the new edition. From year 
to year new information is added; from 
printing to printing more pages are 
bound as text books. Either we must 
assign more pages or neglect some of the 
topics; neither alternative offers a satis- 
factory solution as long as we are wedded 
to the subject matter thesis. 

Some of the elements of desirable ed- 
ucational experience are easily identified. 
By progressive steps the student should 
pass from simple to complex problems 
and situations; he should not spend his 
time on simple relations, though they be 
dressed in different uniforms. Courses 
should, therefore, be arranged as an in- 
tegrated sequence which builds the new 
elements on the old knowledge. Unity 
and continuity of experience are far bet- 
ter than isolated views of many fields of 
endeavor; understanding a few principles 
is far better than memorizing many laws. 

Dean Finch in “Trends in Engineering 
Education” suggests that general subject 
matter is better preparation for mental 
development than drill in the sciences: 


‘“We have found that the student who has 
taken courses in modern history and eco- 
nomics is far more mature in his abilities to 
use such mental gifts as God has given him 
than the man whose college experience has 
been limited solely to courses in basic sci- 
ence and technology.’’ 

a 
Should the Columbia experience be the 
general experience it points a way toward 
getting maturity, which should be the ob- 
jective of all college education. Jefferson 
objected to history as a classroom activ- 
ity, because he had learned history on 
his own initiative, but he agreed that it 
was a very important subject. I am con- 
vineed that one of the great faults of all 
technical education is a lack of historical 
perspective. Dr. Conant develops this 
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idea in his little book “On Understanding 
Science—A Historical Approach.” 

Probably the greatest sin of modern 
engineering education is the effort to 
cover many topics. Students pass 
through the book as if they were riding 
a roller-coaster, never having opportunity 
to enjoy the view because they are so 
busy trying to hold on. If they look up 
to observe the surroundings they pass 
another curve and are lost completely. 
This condition is the result of emphasis 
on subject matter. All must admit that 
there are great volumes of subject matter 
which a student must ultimately know but 
it is a mistake to believe that study should 
stop at graduation. It is a greater mis- 
take to believe that a student should ac- 
quire needed practical information that 
he may use twenty years after gradua- 
tion. 


How to Think—A Valuable Trait 


Usually the old graduate will specify 
that the college course should teach the 
student to think. All will agree that real 
thinking is the most valuable commodity 
that should come from the educational 
mill. Few of us have very definite ideas 
of what we mean when we try to teach 
students to think. We would have stu- 
dents exercise judgment, which is a prod- 
uct of learning and experience, we would 
make them at home in involved situations, 
which again is a product of learning, ob- 
servation and experience, and we would 
have them “use their heads.” This latter 
phrase has meanings all the way from ex- 
ercise of memory to complex inductive, 
or deductive, reasoning. 

To teach one to think is the highest 
possible teaching achievement. It comes 
from a combination of understanding, 
memory, association, application of laws, 
and an ability to sense possible relation- 
ships. It is practically impossible to 
evaluate the influence of a thinking pro- 
fessor on an intelligent student; no in- 
strument is graduated fine enough to 
measure the addition to the thought proc- 
ess contributed by a non-thinking teacher. 
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If the instrument should register a quan- 
tity at all it would be negative, showing 
injury to the student rather than help to 
his thought process. Overstreet, in “The 
Mature Mind,” suggests: “Mediocrity is 
marvellously transmissible by contagion, 
and never more than in the area of 
speech.” Contact and contagion loom 
high in the educational process, and they 
apply to much more than speech. 

Teach them how to write and to express 
themselves, is the second great objective 
of the “old grad.” In this admonition 
he is seeking the same objective expressed 
in different language. If they can’t 
think, they can’t write; they have nothing 
to write about. “I know what I mean but 
I can’t express it” is a confession of lack 
of thoughts. Thoughts are done in words, 
ideas pass through the mind by the use of 
words. If the student does not have the 
word equipment he cannot do thinking or 
harbor ideas. First teach them how to 
read, then point out some of the devices 
used to get good expression and, after 
that, they may have some of the equip- 
ment for thinking. Repeating by rote is 
not thinking, but the memory has much 
to do with the thinking processes of all 
who think. “Imagination is: mental syn- 
thesis of new ideas from elements ex- 
perienced separately.” 

Now what is all the shouting about? 
We have criticized subject matter cur- 
ricula, what better have we to offer? 
First we should determine that the stu- 
dent will be subject to four, five or seven 
years of educational experience and then 
decide on the program which will best 
develop him as a mature student. To be- 
gin with, we must assume that there are 
certain subjects which must be omitted 
because of lack of time; we must further 
decide that we cannot discuss all the pos- 
sible topics in many of the subjects we 
will teach. We must devote much time 
to eliminating subject matter which does 
not contribute to the development objec- 
tive. Educational growth is our major 
objective rather than the acquisition ‘of 
information, though we must remember 
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that the two go hand in hand, the infor- 
mation being a by-product of the growth, 
It is very desirable to have plenty of 
subject matter in excellent form in order 
that the teaching may be devoted to the 
education of the engineer and not in find- 
ing desirable materials for classroom ae- 
tivity. The student will develop more 
rapidly in a good pasture than in a bar- 
ren and dry subject. There is no relation 
between goodness and difficulty of acqui- 
sition. As a matter of fact, the difficult 
material is much more apt to be useless 
than the easy materials. Much of the 
argument for discipline is pure bunk. 


Cultivate Interest and Zeal for 
Knowledge 


We learn much more rapidly if we 
are interested, too much energy is lost in 
dry deserts trying to get interest where 
none can exist. Emerson, in his essay 
on “The American Scholar,” has used 
the phrase: “... and by concentrated 
fires set the hearts of youth on flame.” 

We will try to illustrate what we mean 
by a brief discussion of sequence courses; 
courses which develop new principles 
but require knowledge of all the sequence 
to perform with requisite skill. Physics, 
mechanics and elementary structures offer 
an excellent example; physies, electric 
circuits and electric design comprise an- 
other; chemistry, unit operations and 
chemical engineering design afford an- 
other; and, finally, physics, thermody- 
namics and refrigeration supply another. 

In these sequence courses the student 
begins with elementary laws and with 
each new course he adds to his stock in 
store until he is able to solve complex 
problems or to discuss complex situations. 
He cannot discard the elements as soon 
as they are learned; his subsequent study 
emphasizes the necessity for funda- 
mentals; each new step pre-supposes a 
knowledge of what has gone before. 
When he reaches the end of the sequence, 
provided he has assimilated the principles 
step by step, he will have marched in the 
direction of maturity. 
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There are many pitfalls along the way. 
Students prefer to deal with things rather 
than ideas; they prefer to manipulate 
numbers rather than to deal with prin- 
ciples. The teacher must be alert to his 
objective or he will loiter in the brier- 
patch of details and routines. Labora- 
tories are excellent teaching aids when 
correctly used, but they can descend into 
details of reading gauges and reporting 
elumns of figures, if the instructor 
“don’t watch out.” When a laboratory 
report requires hundreds of similar com- 
putations it becomes a chore rather than 
an aid to education. Undergraduate la- 
boratory courses are usually designed to 
get manipulative skill and to confirm 
some law which is already known; both 
objectives are good provided they con- 
tribute to the general growth of the stu- 
dent. 

Routine exercises, required by an un- 
interesting instructor, kill the soul of ed- 
ueation and leave only the shell of con- 
ventional performance. It is possible 
that the stiff rigid curriculum of the engi- 
neer has a tendency to make him stiff and 
rigid. Everything is prescribed. The 
trend is toward the same required courses 
for all who graduate. It may be that we 
get some semblance of needed coverage, 
but we may be deflecting the student from 
the real objectives of education: namely, 
th ability to study in a field and to deter- 
mine what is true and what is false. 

We should discover those who have 
motivation, those who have a will to do 
and then clear the tracks for their devel- 
opment. If we straight-jacket them we 
may destroy the desire for education. 

A sequence of topies offers a chance for 
the student to grow in stature and mental 
ability. If he keeps the fundamental 
laws ever before him and realizes that 
the complexity of the problem is unrav- 
tled by the application of very simple 
principles he will not be lost in the minu- 
tia of manipulation. Study of this type 
may not cover as wide a range of subject 
matter as our present plan but it may lead 
to understanding of elementary laws in 
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such a way that they may be applied to 
simple problems. The proverb puts it: 
“Wisdom is the principal thing; there- 
fore get wisdom; and with all thy get- 
ting get understanding.” An ounce of 
understanding is worth a ton of memory 
without understanding. Take a few 
topies and understand them rather than 
many topics to skim through them with- 
out understanding. 

But some one will say: “All students 
do not have the same capacity for growth 
and development.” This is very true, 
but the remedy is not to give them appli- 
cations which the least able can do. By 
emphasizing manipulations the teacher is 
apt to stunt the good students and polish 
the poor ones. 

‘No teaching method has yet been de- 
veloped which will be equally good for 
the wise and the foolish. Probably the 
procedure to take, in the method I pro- 
pose, is to let-the good ones keep going 
and let the laggards go as far as they can. 
This will only mean a measure of mini- 
mum development for recommendation 
for graduation. Measuring may be a 
little more difficult than our present 
scheme but a measure can be found. Un- 
der the plan we can substitute time and 
more effort, for ability to quickly com- 
prehend. As yet we have not been able 
to strike an optimum balance between 
alacrity and “slow but sure.” We can 
devise problems or questions which will 
measure the thing we are seeking, and 
after some experience, we will be able to 
determine the place on the scale which 
will warrant graduation. 


Reorientation of Objectives 


We have discussed some of the possi- 
bilities of considering education as intel- 
lectual growth rather than as a series of 
courses; we have suggested sequence 
courses as being the key to the learning 
process. No program can be designed 
to give all the knowledge and all the in- 
formation that the practitioner needs; he 
must continue to be a student as long as 
he is a practitioner. He must, therefore, 
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spend the time allotted to formal study, 
in such a way that he will get the greatest 
long time dividends. This will mean em- 
phasis on principles, the understanding 
of principles with only enough applica- 
tions to get better understanding and the 
method, approach and spirit of engineer- 
ing. We will still give organized courses, 
as we do under the present plan, but their 
objectives will be more clearly stated. 
We will not be lamenting that we do not 
have time for this and that course; we 
will decide that any well designed and 
enthusiastically given course will con- 
tribute to the chosen objective. 

Engineers will take their training in 
science and technology, lawyers will take 
their training in the law, doctors will take 
their training in medicine and the preach- 
ers will take their training in theology, 
but basically, they will all be doing the 
same thing, namely, exposing themselves 
to intellectual growth, and academic ma- 
turity. They will not all arrive at the 
same point of excellence; some will re- 
main juvenile as they do under the pres- 
ent plan. Those who mature will be 
grounded in the principles which they 
have studied and they will have enough 
maturity to continue their studies under 
their own initiative. Whenever they 
need more information or more knowl- 
edge of a new subject, they will continue 
their studies until the requisite informa- 
tion or knowledge has been acquired. 

As the “old grads” come back and tell 
me they wish they had had a course in 
psychology, public speaking or complex 
variables, I realize that our present em- 
phasis is in the wrong place. The grad- 


uate goes out expecting to use his four 
years preparation in solving all the prob- 
lems of practice instead of using it as 
preparation for the solution of any kind 
of problem that may come his way. If 
the college work has been done according 
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to the growth plan the graduate will have 
enough intellectual maturity to get the 
needed knowledge to solve the many prob- 
lems which may come into his practice. 
He may never encounter the heat balance 
or the chemical balance that he had in eol- 
lege but he may have hundreds of prob- 
lems which may be solved after the same 
manner. 

The course conscious student needs a 
course in it before he can attack prob- 
lems in a new field. His education has 
been neglected. He has failed to get the 
right point of view while he was trudg- 
ing through college. His account with the 
Registrar was not broad enough to cover 
all his possible needs. Many practicing 
engineers are using materials which were 
not discussed in college, they are using 
methods which were not common, and no 
doubt many of them are using knowledge 
that their professors never had. Intel- 
lectual maturity is all that is needed to 
meet any reasonable problem of ordinary 
practice. If the problem is special, call 
a specialist, and if a specialist is not 
available become one yourself. 

Going to college is not the process of 
learning where one can get information 
if needed; it is not learning a list of 
things which may be useful in after life; 
it is a growing time, it is a time when stu- 
dents put away childish thinking and he- 
come mature, it is a time when the learner 
develops self confidence which will allow 
him to enter his work with a full knowl- 
edge that he is a man. If he does not 
know, he knows how to find out; if he 
does know, he knows that he knows; he no 
longer leans upon the professor as a 
crutch but respects him if he was a good 
teacher and forgets him if he had memo- 
rized his stock in store. Let us design 
our programs to develop maturity rather 
than to acquire knowledge and informa- 
tion. 
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Tests and Testing Programs of Interest 
to Engineering Educators 


By A. PEMBERTON JOHNSON 


Educational Testing Service, Princeton, N. J. 


I would like to consider with you a 
brief history of the Measurement and 
Guidance Project, the need for finding 
prospective engineers early in high school, 
tests for student selection at various edu- 
cational levels, effective use of test scores, 
and a look to the future. 


The Measurement and Guidance Project 


Since the end of World War I, the 
ASEE (then, of course the SPEE) has 
been interested in the use of tests in 
student selection and guidance. Dean 
Hammond, the late Dean Sackett, Presi- 
dent Cullimore and many others have 
devoted many years of work to this area. 
In 1941 the SPEE and the Engineers’ 
Council for Professional Development 
began a joint project which, in 1943, 
became the Measurement and Guidance 
Project in Engineering Education. It 
was sponsored until 1948 by the ECPD, 
the ASEE, and chiefly the Carnegie 
Foundation for the Advancement of 
Teaching. One estimate has placed the 
amount of Carnegie support during the 
Project’s biggest year at $30,000 to $35,- 
000. In 1948 whenathe Educational Test- 
ing Service was formed by merger of the 
non-profit testing activities of the Col- 
lege Entrance Examination Board, the 
Cooperative Test Service of the American 
Council on Education and the Graduate 
Reeord Office of the Carnegie Founda- 
tion, the Project was made a responsi- 
bility of the Educational Testing Service. 
At that time all ASEE, ECPD, and 
Carnegie Foundation financial support 
was withdrawn. In the two and one-half 
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years of ETS operation the project has 
accumulated a comparable deficit of ap- 
proximately $44,000, nearly all of which 
resulted from the expensive nation-wide 
administrations of the Pre-Engineering 
Inventory, the last of which took place 
on June 25, 1949. Beginning in De- 
cember 1949 a new test, called the Pre- 
Engineering Science Comprehension Test, 
was added to the world-wide administra- 
tions of the College Entrance Examina- 
tion Board. During this past year the 
Pre-Engineering Inventory has been ad- 
ministered locally in about 25 institutions 
to about 5000 applicants and enrollees. 
The Sophomore Engineering Achievement 
Examinations (the other battery of the 
Measurement and Guidance Project) 
were used by 9 institutions for about 
2000 students. 


Finding Prospective Engineers 


The May 1950 issue of Mechanical 
Engineering reviews briefly a report of 
a subeommittee of the Committee on Man- 
power of the ASEE in which it sug- 
gests that unless a greater proportion of 
high school graduates goes into our en- 
gineering colleges a shortage of engi- 
neering graduates will occur during the 
period 1953 to 1956. The accompany- 
ing chart entitled, Reported Past and 
Predicted Future Freshmen Engineering 
Enrollments From 1925 to 1961 in the 
United States, will give evidence of that. 

Some engineering colleges, particu- 
larly, I understand, in the mid-west and 
here in the far west, are expecting a 
marked reduction in the number of en- 
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tering freshmen students in September, 
1950. One institution in the Pittsburgh 
area has inquired about testing prospec- 
tive applicants in the first semester of 
their last year in high school rather than 
midway along in the second semester. 
Mr. Z. G. Deutsch, Chairman of the 
ECPD Committee on Student Selection 
and Guidance, and his group who are 
preparing a new engineering guidance 
pamphlet to replace “Engineering As A 
Career” are setting up their pamphlet to 
appeal to 9th and 10th grade students, 
ie., students in the first two years of 
high school. Educational Testing Serv- 
ice is seriously considering instituting 
active planning discussions with engi- 
neering college, local, industrial, and high 
school officials in a nearby community to 
explore the advisability of developing a 
differential level battery of tests for use 
chiefly in the 9th and 10th grades. Your 
comments on the desirability of this would 
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be appreciated. It is intended that this 
battery would enable at least a prelimi- 
nary determination of potentiality for 
engineering college as compared to tech- 
nical institute training or apprentice or 
mechanic’s training. At the 9th grade 
level the Cooperative Mathematics Test 
for grades 7, 8, and 9 is available as a 
means of evaluating competency in mathe- 
matics which, according to the majority 
of studies, is the single area in which a 
test score gives the best prediction of 
later engineering success. This test re- 
quires 80 minutes. The Cooperative Al- 
gebra Test (Elementary Algebra through 
Quadratics), requiring 40 minutes, is 
suitable for students who have com- 
pleted elementary algebra and may be 
preferred because it is shorter. Similar 
40 minute tests are available in plane 
geometry, solid geometry, and _ trigo- 
nometry. 


EXCELLENT PREDICTION OF SCHOLASTIC SUCCESS 
A Group OF FIVE ENGINEERING COLLEGES 
CoLLEGE Boarp Test Scores COMBINED WITH HIGH ScHOOL GRADES * 


CHANCES IN 100 THAT A STUDENT WILL EARN AVERAGE 
OR BETTER FIRST-TERM GRADES 


COLLEGE BOARD TESTS 


Scholastic Aptitude Test 
Mathematical Section (SAT-M) 
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(Bars are shown at theoretical lengths - actual lengths 
at individual schools might differ slightly). 


*Data, courtesy of Dr. W. B. Schrader, for 721 enrolled engineering freshmen tested 
during their first week in the Fall of 1948 at Carnegie Institute of Technology, Cornell Uni- 


Educational Testing Service, P, O. Box 592, Princeton, N. J., May 8, 1950. 
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REPORTED PAST AND PREDICTED FUTURE 
FRESHMAN ENGINEERING ENROLLMENTS FROM 1925 To 1961 
IN THE UNITED STATES 


Predicted enrollments assume that the proportion of high school graduates enrolling in 
engineering colleges will remain at 3%—the 6-year average for 1936 through 1941, and 


the proportion which existed in 1949. 
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Chart compiled by A. Pemberton Johnson, Educational Testing Service, Princeton, New 


Jersey, June 12, 1950. 


Sources of Data: Up through 1948—Hollister, S. C., ‘‘ Post-War Engineering Enrollment 


Rapidly Adjusting to Near Pre-War Level.’’ 
1949-1961—Based on data from -U. S. Office of Education, some by courtesy of 


1949. 
Dr. H. H. Armsby, 1/23/50. 


At the 9th grade level an 80-minute 
Cooperative Science Test for grades 7, 
8, and 9 is available as a measure of basic 
competency in Science. The following 
40-minute tests may also be useful: 
Cooperative General Science Test (high 
school); Cooperative Chemistry Test 
(high school); and Cooperative Physics 
Test (high school). At the 10th grade 
level the American Council on Education 
Psychological Examination for High 
School Students’ and the Cooperative 
General Achievement Tests seem particu- 
larly promising. High school administra- 
tors, teachers, and guidance officers can 
be encouraged to “spot” students scoring 
high on mathematics and science tests 
and performing well in classes in these 
subjects so that representatives of engi- 
neering colleges can talk with these 
students about the advantages of an en- 
gineering program of study. Such stu- 
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dents should be invited to engineering 
college Open House Days, Career Days, 
and the like. 


Selecting Prospective Engineering 
Students 


a. Selection of students at a distance 
—The College Entrance Examination 
Board Scholastic Aptitude Test only, or 
the Scholastic Aptitude Test plus the 
Intermediate or Advanced Mathematics, 
Spatial Relations, and Pre-Engineering 
Science Comprehension Tests make an 
excellent selection device at a distance. 
Or as a substitute for one of the fore- 
going achievement tests the English Com- 
position, Chemistry, or Physies tests, 
whichever of the latter two a student may 
feel best prepared in might be used. One 
institution requires the Social Studies 
plus two other achievement tests. The 
accompanying chart shows the improve- 





280 


ment in the effectiveness of prediction 
obtained by adding test scores to high 
school grades. (Explain) In each of these 
five schools the test score gives a higher 
prediction alone than do high school 
grades. However in one institution with 
a high selection on the SAT-M, the 
SAT-V is more predictive than the SAT- 
M Score. 

b. Selection at the campus—The Pre- 
Engineering Inventory, Short Form, 
which ineludes the four tests of General 
Verbal Ability, Technical Verbal Ability, 
Comprehension of Scientific Material, and 
General Mathematical Ability, or the 
Long Form, which adds to the four pre- 
viously named tests Ability to Compre- 
hend Mechanical Principles, Spatial Vis- 
ualizing Ability, and Understanding of 
Modern Society, provides alone or in 
conjunction with previous high school 
grades an excellent prediction of scho- 
lastie success in the first year in colleges 
of engineering. The median correla- 
tion with first-term grade averages at 12 
schools is .60. Because the Pre-Engi- 
neering Inventory is available to any 
school as an admissions or guidance in- 
strument, it is suggested that each in- 
stitution ask each examinee whether he 
has taken the test previously and if so, 
when and at what institution. If the ap- 
plicant is honest in replying, the college 
will be informed of previous experi- 
ence on the test which may have the ef- 
fect of raising his composite score sev- 
eral points. (This might well be done 
for any test, of course.) The Pre-Engi- 
neering Inventory is available to any 
engineering school at prices varying from 
$1 to $3.40 per examinee depending upon 
whether the institution does its own scor- 
ing or obtains scoring, reporting, and 
statistical tabulating service from Edu- 
cational Testing Service. By action of 
the Advisory Council this winter the Pre- 
Engineering Inventory has been made 
available to technical institutes and to 
junior colleges under the rental plans 
varying in cost from $2 to $3.40 per ex- 
aminee and providing in both plans that 
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scoring and reporting is done by the Edn- 
cational Testing Service. 

There are, of course, a number of other 
tests used by individual institutions, 
The other tests most frequently mentioned 
are the American Council on Education 
Psychological Examination and the Co- 
operative English Test along with local 
math tests.. The Kuder Vocational Pref- 
erence Record and the Strong Vocational 
Interest Blank were also frequently men- 
tioned. 


Placement and Guidance 


A number of institutions including, of 
course, most of the state universities are 
not in a position to be able to require 
tests of applicants prior to admission 
but find tests of great value for guidance 
purposes and for placing students in dif- 
ferent sections in mathematics, in Eng- 
lish, and in other subjects. Tests used 
for placement purposes must be avail- 
able at the beginning of the fall semester 
and must be adapted for quick scoring 
locally. The Pre-Engineering Inventory 
under the institutional scoring plan meets 
these requirements except for placement 
in English. It is longer and has more 
parts than are necessary for the predic- 
tion of scholastic success. These parts, 
however, are useful for guidance pur- 
poses. Institutions which wish to use 
only one or two tests for purposes of 
predicting scholastic success with the test 
given to enrollees at entrance can use one 
or two measures which cost less than the 
Pre-Engineering Inventory. Among the 
tests which have proved to be effective in 
several institutions as predictors of scho- 
lastie suecess are the Cooperative Inter- 
mediate Algebra Test; the Cooperative 
General Achievement Test, Part III, A 
Survey Test in Mathematics, Form P; 
and the USAFI Test of General Educa- 
tional Development, College Level, Test 
III, Interpretation of Reading Materials 
in the Natural Sciences, Form B. The 
Cooperative Intermediate Algebra Test 
together with rank in high school class 
has shown excellent prediction at Cornell 
and Purdue Universities comparable to 
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the predictive effectiveness of the College 
Board composite combined with high 
school grades as shown in black on the 


bar chart. 


Dr. Ralph Berdie at the University of 
Minnesota has recently reported, in the 
February Journal of Educational Psy- 
chology, the usefulness of one of the Co- 
operative General Achievement Survey 
Tests in Mathematics and the USAFI 
General Educational Development Test 
in Natural Sciences named above to- 
gether with percentile rank in high school 
class. They have been found to be the 
most effective combination for predicting 
success in the Institute of Technology. 
An unusually high predictive effectiveness 
is reported for the majors in chemistry 
and chemical engineering, all of whom 
had chemistry in high school. For other 
groups in the Institute these measures 
together with the revised Minnesota Pa- 
per Form Board (a spatial relations 
test) have a predictive effectiveness com- 
parable to that of the Scholastic Aptitude 
Test of the College Board combined with 
high school grades. 

There are some tests coming into use 
for which we have no validity data yet. 
Among these is the Cooperative Mathe- 
matics Pretest for College Students, pre- 
pared by the Committee on Tests of the 
Mathematical Association of America, 
and which is now used by a number of in- 
stitutions. Its primary purpose is for 
placement in appropriate college mathe- 
matics courses. 

A new series of equivalent tests in 
Spanish and in English known as the 
Cooperative Inter:American Tests in 
General Ability, Reading, Social Studies, 
Natural Sciences and Language Usage 
are particularly useful in those portions 
of this hemisphere in which it is de- 
sired to compare Spanish language stu- 
dents with English language students on 
the same test content. 

The Unit Tests in Engineering Draw- 
ing are useful in the evaluation of stu- 
dents who seek credit for previous draw- 
ing experience. Professor Paffenbarger 
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of Ohio State was chairman of the com- 
mittee which developed these. 

It is at the end of the freshman year 
that Professor Slaymaker at Case Insti- 
tute of Technology chooses from among 
his enrollees students to enter their en- 
gineering administration curriculum. It 
is my understanding that he has found it 
inadvisable to admit to that program 
any students who do not score rather 
high on the Understanding of Modern 
Society part of the Pre-Engineering In- 
ventory. 


Prediction of Scholastic Success in the 
the Last Two Years, Including Evalua- 
tion of Applicants for Transfer 


At least three devices are in use as 
means of evaluating students at the end 
of the sophomore year as a basis for 
predicting their scholastic success in the 
last two years. These devices are: 


(1). Scholastic index at the end of two 
years. Several institutions have set mini- 
mum cumulative grade-point averages at 
the end of the sophomore year, falling be- 
low which disqualifies a student for 
continuance in the institution. Purdue 
University uses the same average to dis- 
qualify a student at the end of the fresh- 
man year as at the end of the sophomore 
year. Princeton University sets an in- 
creasing minimum average grade which a 
student must meet to go on to the next 
year’s work. It is my understanding that 
other schools have adopted variants of the 
same general plan. 

(2). Comprehensive Sophomore exami- 
nations. The Sophomore Engineering 
Achievement Test are an example of this 
device, as are certain of the Cooperative 
tests and the U. S. Armed Forces Insti- 
tute tests in Engineering College subjects. 

(3). Transfer tests. A new program 
of Intermediate Tests for College Stu- 
dents was introduced this year as a means 
of evaluating the qualifications for trans- 
fer of students who had one or more years 
of college training. As administered on 
May 13, 1950, the Intermediate Tests in- 
eluded a College Ability Test and Pro- 
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ficiency Tests in five areas: Humanities, 
Life Sciences, Mathematics, Physical Sci- 
ences, Social Sciences. Each applicant 
took the two parts of the College Ability 
Test: the Verbal Comprehension and 
English Expression section, and _ the 
Quantitative Reasoning section, as well 
as two of the afternoon Proficiency Tests. 
At least one institution with an appreci- 
able number of transfer applicants in en- 
gineering, the Newark College of Engi- 
neering, has used these tests this year. 
Dean Hazell and Professor Entwisle 
there, in addition to requiring the test of 
transfer applicants, have administered 
the College Ability Test to all of their 
own sophomores and have chosen from 
among both groups on the basis of test 
scores and previous college records. Al- 
though it will be more than a year before 
we can prove the effectiveness of this ap- 
proach, we are confident from experience 
at the entrance to law school level that 
this approach offers unusual promise for 
effective prediction of later scholastic 
success. 


Selection at the Graduate Level 


With the growing emphasis on gradu- 
ate level training in engineering many 
institutions may wish to know of the 
Graduate Record Examinations which are 
given in two programs: Institutional 
and Independent. The Institutional Pro- 
gram involves testing all of a given class 
or group at a given institution. The In- 
dependent Student Testing Program pro- 
vides for individual registration and test- 
ing of single students at centers through- 
out the country. Scores from either pro- 
gram can be reported to any institution. 
The Independent Program provides for 
the reporting of three scores without any 
transcript cost whereas a $1 transcript 
fee charge is made for sending to one in- 
stitution scores of students tested else- 
where. Unless an institution wishes to 
obtain indications of a student’s knowl- 
edge in areas other than engineering, it is 
normally recommended that he take the 
3-hour aptitude test and the 134-hour 
advance test in engineering. It is esti- 


TESTS AND TESTING PROGRAMS 


E.T.S. Tests AND TESTING PROGRAMS OF 
INTEREST TO ENGINEERING EDUCATORS 


College Senior—Graduate School Level 
Graduate Record Examination (GRE) 
Nationwide Independent Student Test- 
ing Program 
Institutional Testing Program 
(Both GRE programs include a new 
Aptitude Test; Profile Tests; and 
Advanced Tests in Chemistry, Engi- 
neering, Mathematics, Physics and 
14 other subject areas) 


College Sophomore Level 
College Transfer Test (Intermediate Tests 
for College Students) 
Sophomore Engineering Achievement Tests 
U. 8. Armed Forces Institute College 
Level Tests in Engineering (various 
subjects) 


College Entrance—College Freshman Level 

College Entrance Examination Board 
Tests 

Pre-Engineering Inventory 

A.C.E. Psychological Examination for 
College Freshmen 

Cooperative English Test. 
Edition (Higher Level) 

Cooperative General Achievement Tests 
in Social Studies, Natural Sciences and 
Mathematics. (Proficiency and Survey 
forms) 

Cooperative Mathematics Pre-Test for 
College Students 

Cooperative Intermediate Algebra Test 

Cooperative General Education Develop- 
ment Tests (College Level) in areas of 
English Expression, Literary Materials, 
Social Studies, and Natural Sciences. 

Cooperative Inter-American Tests of Gen- 
eral Ability, Reading, Social Studies, 
Natural Sciences, and Language Usage 
(Parallel editions available in Spanish 
and English) 

Unit Tests in Engineering Drawing 


Single Booklet 


Secondary School Level 
ACE Psychological Examination for High 
School Students 
Cooperative General Achievement Tests 
(Proficiency and Survey forms) for 
10th to 13th grade 
Cooperative Inter-American Tests 
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TESTS AND TESTING PROGRAMS 


mated that about 800 students have taken 
these tests this year. At two different 
institutions, U. of Michigan and the U. S. 
Naval Postgraduate School, validities of 
42 and .52 have been found. You will 
be interested to know that the advanced 
test in engineering has been criticized 
by some as not giving evidence of re- 
search or creative ability in engineering 
and that plans are now being formulated 
for the revision of this test with the help 
of an advisory committee to provide a 
better measure of these qualities. If an 
institution desires to have indications of 
a student’s knowledge in areas other than 
engineering, such as history, social studies, 
fine arts, etc., the graduate applicant may 
be asked to take the Profile Tests of the 
Graduate Record Examination series. A 
high level average score on these tests 
is evidence of breadth of background on 
the part of the applicant. 

Perhaps some of your students and 
about a thousand candidates in all (if I 
recall correctly) took the Atomic Energy 
Commission Fellowship Record Examina- 
tions this year which were developed and 
administered by Educational Testing 
Service. 


Effective Use of Test Scores 


I believe that we need the ablest staff 
members we can get to make proper use 
of test scores. Ideally they would be: 
(1) deeply interested in students as in- 
dividuals, (2) well informed about their 
college and the engineering profession 
generally, (3) well informed about psy- 
chological tests and sound counseling 
techniques. They should have developed 
a close coordination with a psychological 
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clinie to which the more difficult counsel- 
ing cases could be referred. 

An essential instrument is a Freshman 
Counseling Record. The form used by 
Purdue University contains, on the front, 
the integration of data from the Admis- 
sions office, the Testing office, and the 
Registrar’s office. On the back is a place 
for a counselor in the Dean’s office to 
record a “patterned” interview seeking to 
get at each student’s motivation, his per- 
sonality, his knowledge of engineering 
work, and his enthusiasm for his present 
studies. Newark College of Engineering 
gives applicants a little booklet explain- 
ing why they are asked to take the pre- 
engineering inventory tests. 


A Look to the Future 


May I propose the following for your 
consideration? 


a. The development and encourage- 
ment of the ablest possible counselors at 
each institution, particularly in carrying 
out local validity studies. 

b. The compilation and early wide dis- 
semination of down-to-earth descriptions 
of effective counseling programs and of 
the results of validity studies. 

e. The active exploration of the motiva- 
tional, personality, and interest areas by 
whatever means are feasible. 

d. The active development, in conjunc- 
tion with administrators and guidance 
personnel in secondary school systems, of 
adequate programs of informing 9th and 
10th grade students regarding engineer- 
ing values and opportunities and regard 
ing their own qualifications for the study 
of engineering. 





Water Resources Planning and Development in 
the Civil Engineering Curriculum 


By MILTON O. SCHMIDT 


Associate Professor of Civil Engineering, University of Illinois 


At the University of Illinois the civil 
engineering student who elects the Hy- 
draulic Option at the beginning of his 
senior year is required to enroll in a 
course entitled “Water Resources Plan- 
ning and Development.” This course 
which was first offered in September 1942 
is probably the only one of its type in a 
major American university. The content 
of the course has been made flexible but 
follows in a general way the topical head- 
ings in the accompanying outline, al- 
though the latter is considerably more 
comprehensive than time usually permits. 

Water Resources Planning and Devel- 
opment can be considered as the orderly 
and systematic appraisal of the water re- 
sources of a given drainage area, the 
statement of the problems social and tech- 
nologic, which are intimately related to 
water, and the delineation of the methods 
which can be utilized to effect ameliora- 
tion of the existing conditions. Water 
Resources Planning is exceedingly broad 
in scope and good planning is highly de- 
pendent upon the engineers’ compre- 
hensive understanding of many diversi- 
fied aspects such as flood control, naviga- 
tion, water supply, pollution abatement, 
wildlife protection, and others. Hence, 
correct physical data, engineering judg- 
ment of the highest quality, and broad 
experience in the successful solution of 
similar water problems can be said to 
constitute the base on which intelligent 
project planning is founded. Water Re- 
sources Development requires, in addi- 
tion, persuasive protagonists in order to 
translate the plan into the project. 
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Formulation of the basic policies of a 
sound water planning program must be 
done by those who have had years of ex- 
perience with similar hydraulic engineer- 
ing problems and are conversant with the 
impact of irrational and stop-gap water 
planning upon the lives and material wel- 
fare of many of our citizens. The dis- 
astrous floods of the Columbia River, 
pollution of the upper Ohio River and its 
tributaries by municipal and industrial 
wastes, progressive silting of our reser- 
voirs, and problems affecting ground and 
surface water supply throughout the na- 
tion have served to focus attention on the 
acute need to secure fundamental hydro- 
logic data and to evolve from a consider- 
ation of probable benefits and estimated 
costs an economic analysis of many 
needed projects. 

The general purpose of the course in 
Water Resources Planning and Develop- 
ment is to broaden the perspective of the 
student who believes he may enter the 
practice of some branch of Hydraulic 
Engineering in order that he may develop 
an appreciation of the fundamental im- 
portance of our water resources, better 
understand the interrelations of water 
uses, and be assisted in future problems 
which may confront him dealing with 
formation and evaluation of water plan- 
ning programs. 

It is hoped that this course facilitates 
the acquisition of a limited amount of 
factual information regarding the major 
physiographic provinces of the nation, 
an acquaintanceship with the most ac- 
ceptable methodologies used in the prep- 
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WATER RESOURCES PLANNING AND DEVELOPMENT 


aration of drainage basin plans, and that 
a general understanding of the many dif- 
ferent water planning problems in the 
United States is imparted to the student 
together with an introduction to the most 
feasible solutions. 

There are no textbooks on this subject. 
Hence, recourse must be had to any of 
the numerous federal, state, county, and 
local water planning studies in order to 
implement the instruction. The student 
will find these reports worth studying for 
other reasons than their technical content 
for they provide an insight into the man- 
ner of presenting the multifarious prob- 
lems of a single river basin in a report 
that provides an integrated and co-ordi- 
nated picture of conditions as they exist 
and points the way to possible solution. 
Careful marshalling of the facts, the use 
of idiomatic language, and proper atten- 
tion to the details of good format express 
in essence the qualities of a superior wa- 
ter planning report. 

This semester course requires three 
one-hour class meetings each week. The 
pre-requisites are the completion of 
courses in Hydraulics and Hydrology or 
concurrent registration in the latter. At 
Illinois the student in the Hydraulic Op- 
tion also receives co-ordinate instruction 
in the senior year in Water Supply and 
Sewerage, Water Power, and Drainage 
and Flood Control. 

The major part of the section on In- 
ventory of Water Resources is given in a 
separate course in Hydrology but is in- 
cluded in this outline primarily to indi- 
cate the extent of instruction in Hydrol- 
ogy which is considered to provide the 
desired background for the parent course. 


Course OUTLINE 


I. Introductory 
A. National resources 
B. Planning—the broad viewpoint 
C. Water resources planning and de- 
velopment—objectives 
D. Historical—1934 to date 


INVENTORY OF WaTER RESOURCES 


II. Hydrologic Principles 


III. 
EV: 


VI. 
HEE 


VIII. 


IX. 
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Precipitation 


Ground Water 

A. Basic concepts, definitions, and 
terms 

. Interrelation of ground and sur- 
face water 

. Utilization 

. Ground water law 

. Investigations and surveys 


HOQ- 8 


. Surface Water 


A. General information 

B. Regional variations in runoff 

C. Major drainage basins in the 
United States 

D. Drainage basins in Illinois 


Stream Gaging 


Records of River Discharge 
A. Availability 
B. Utility 
1. Design, construction, and op- 
eration of hydraulic works 
2. Administration of rights 
3. Litigation 
4. Hydrologic studies 
C. Length of records 


Quality of Water 
A. Variation in quality 
. Relation to domestic supplies 
. Relation to agriculture 
. Relation to industry 
. Pollution 
1. Domestic sewage 
2. Industrial wastes 
3. Mine drainage 
F. Silt 
1. Erosion processes 
2. Transportation and deposition 
3. Desilting works 
4. Relation to stream gaging 
G. Incursion of salt water in tidal 
streams 


Hoa 


Maps in Water Planning 
A. Types 

B. Characteristics 

C. Cartography 


PRINCIPLES AND PoLicies oF WATER 


X. 


REsouRcES PLANNING 


Basic Approach 
A. The problem—the beneficial con- 
trol and use of the nation’s waters 
B. Requirements of the problem 
C. Functions of a planning agency 
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XI. 


XII. 


XII. 


XIV. 


XV. 


XVI. 





WATER RESOURCES PLANNING AND DEVELOPMENT 


Lines of Action 
A. Physical surveys and inventories 
1. Completion of topographic at- 
las of the United States 
2. Extension of the system of 
river gaging stations 
3. Expansion of the climatological 
network 
4. Systematic inventory surveys 
of water resources 
5. Land-use surveys 
6. Study of water supply and sani- 
tation in relation to public 
health 
7. Study of erosion and methods 
for its control 
. Study of legislative needs for use 
and control of water resources 
. Selective experimentation in re- 
gional planning 
. Establishment of planning agen- 
cies 
. Planning of specific projects 
. Collective actions-compacts 


of fis a oo MS 


Functional Organization of a Federal 
Water Resources Planning Agency 
A. Major Federal water planning 
agencies 
B. Cooperative studies 


Elements of a Sound Federal Water 
Policy 


Governmental and Legal Control of 
Water 
A. Water rights—general 
B. Aspects of governmental jurisdic- 
tion 
1. Intrastate administration 
2. Interstate administration 
3. International rivers and trea- 
ties 
C. Legislation 
1. Federal 
a. Federal Power Act 
b. Flood Control Act 
c. Soil Conservation Act 
d. Other legislation 
2. State 
D. Interstate Compacts 


Economies of Water Resources De- 
velopments 


Methodology of Water Planning 
A. First-stage Basin Water Plans 
B. Second-stage Basin Water Plans 


C. 
D. 


Final review 
Elements of a good water plan- 


ning report 


PROBLEMS AND PRACTICE OF WATER 


RESOURCES PLANNING 


XVII. Drainage Basin Programs 


A. 


E. 


Flood control 

1. Missouri River, Pick-Sloan 
Plan 

2. Columbia River 

3. Allegheny and Monongahela 
Rivers 

4. Muskingum Conservancy Dis. 
trict 

5. La Traverse—Bois de Sioux 
Project 

6. Others 


. Navigation 


1. Canalization of the Upper 
Mississippi 

2. The Missouri River 

3. Illinois Waterway 

4. San Joaquin River 


. Hydroelectric power 


1. Watauga Project, T. V. A. 
2. Bonneville Project 

3. Fort Peck Project 

4. Ross Dam 

5. Others 


. Water supply 


. Water supply for Philadelphia 
. Water supply for New York 
City 

3. Water supply for Chicago 

4. Los Angeles Metropolitan 
Water Supply District 

5. San Diego Project 

6. Wabash River Ordnance 
Works Well Fields 

Pollution abatement 

1. Chicago Sanitary Canal 

2. Ohio River at Pittsburgh 

3. Red River of the North 

4. Mahoning and Beaver Rivers 

5. Others 


Noe 


. Conservation of wild life-part of a 


multiple-purpose program 

1. Protection of rare flora-Kan- 
kakee River Basin 

2. Other aspects 


. Irrigation 


1. Missouri River, Pick-Sloan 
Plan 
2. Colorado-Big Thompson 
Trans-basin Diversion 
3. Central Valley Project, Cali- 
fornia 
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WATER RESOURCES PLANNING AND DEVELOPMENT 


4. Others 

H. Development of recreational areas 
—part of a multiple-purpose pro- 
gram 

I, Drainage of Agricultural Lands 
1. Primarily of local importance 
2. Horicon Marsh, Wisconsin 


J. Erosion 
1. Beach stabilization—Lake 
Michigan 
2. Los Angeles County Debris 
Problems 
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3. Silting of major reservoirs 

4, Coastal erosion 

5. Land management and soil 
erosion 


SpeciaL Topics 


XVIII. Zoning for Flood Control and Water 
Conservation 


XIX. Headwaters Control and Use 


College Notes 


Establishment of a School of Humani- 
ties and Social Studies at the Massachu- 
setts Institute of Technology was an- 
nounced. M.I.T.’s fourth school will have 
the responsibility for providing the 
strongest possible program in general 
education for students studying in the 
fields of science, engineering, and archi- 
tecture, and in addition will be a center 
for creative and professional work in 
such social sciences as economics, which 
are appropriate to an institute of tech- 
nology. Dr. Killian announced the ap- 
pointment of Professor John E. Burchard 
as Dean of the new school, which will 
have equal status with the Schools of 
Science, Engineering, and Architecture 
and Planning. Dean Burchard since 1948 
has been Dean of the Division of Hu- 
manities, which is now replaced by the 
School of Humanities and Social Studies. 


a 

B. Richard Teare, Jr., has been ap- 
pointed Dean of Graduate Studies in the 
Carnegie Institute of Technology Col- 
lege of Engineering and Science. Dr. 
Teare is also Head of Carnegie’s Electri- 
tal Engineering Department and Buhl 
Professor of Electrical Engineering. He 
will retain these posts. 





A gift of $5,250,000 from the Alfred 
P. Sloan Foundation, Ine., for the es- 
tablishment of a School of Industrial 
Management at the Massachusetts In- 
stitute of Technology was announced by 
Dr. Karl T. Compton, Chairman of 
the Corporation of the Institute. The 
concept of the school, he said, will be 
to correlate the complex problems of 
management in modern technical indus- 
try with science, engineering, and re- 
search. The objective will be to prepare 
young men of today better to meet the 
exacting demands of industrial manage- 
ment as they become the industrial ex- 
ecutives of tomorrow. 


Loren R. Heiple became Head of the 
Department of Civil Engineering at the 
University of Arkansas succeeding Pro- 
fessor W. R. Spencer. Heiple formerly 
taught sanitary engineering at Iowa State 
College, and was more recently a consult- 
ing engineer with Public Administra- 
tion Service of Chicago. G. S. Hewitt, 
formerly a director of research with 
Radio Corporation of America, has joined 
the Department of Electrical Engineer- 
ing faculty at the University of Arkansas. 
He will teach graduate courses in Com- 
munications and carry on a research pro- 
gram in the Engineering Experiment 
Station. 








A Survey of First Positions Accepted by 


Mechanical Engineering Graduates 
of New England Colleges* 


By WILLIAM T. ALEXANDER 


Professor of Industrial Engineering and Dean of Engineering 
Northeastern University 


While it is generally accepted that the 
primary purpose of the engineering col- 
lege is to train men for industry, the in- 
dustrial distribution of mechanical engi- 
neering students upon graduation is not 
generally well known. Consequently, it 
would appear to be desirable occasion- 
ally to examine the types of jobs accepted 
by our students upon graduation. From 
such an examination it may be possible 
to get clues which may aid us in problems 
of curriculum scope and content. 

In considering the request of your 
chairman that I discuss this topic with 
you today, it early became obvious that 
considerable numbers of the graduates of 
several representative colleges of engi- 
neering must be investigated to obtain 
significant results, and that the alumni 
office files of the various colleges must be 
relied upon for data. In order to im- 
prove the usefulness of the study, classes 
were selected for consideration which 
were relatively recent and also as free as 
possible from the influence of both do- 
mestic and international crises. Al- 
though not entirely satisfactory in this 
respect, the 12 graduating classes 1936- 
1942 inclusive and 1946-1950 inclusive 
were selected for study. 

The forms reproduced in Table I and 
Table II were prepared, tested with the 


* Presented before the Mechanical Engi- 
neering Conference of the New England Sece- 
tion ASEE, University of New Hampshire, 
October 14, 1950. 
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data available in the Northeastern Uni- 
versity Alumni Office, and mailed to all 
undergraduate colleges of engineering in 
the New England Section of ASEE. Six 
engineering institutions were able to sup- 
ply partial or complete information, and 
the study covers 2020 mechanical engi- 
neering graduates distributed as follows: 


Dartmouth (Thayer School) 33 
Mass. Inst. of Tech. 259 
Northeastern Univ. 654 
Rensselaer Polytechnic Inst. 400 
University of Massachusetts 54 
Worcester Polytechnic Inst. 620 


In order to concentrate on civilian o¢ 
cupations, graduates going directly into 
the armed forces and those whose records 
were incomplete or contradictory were 
eliminated from the tabulations. Types 
of industries and functions which ind: 
vidually represented less than 1% of the 
group in each summary have also beet 
eliminated. This gave a total of 149 
individual cases for the summary of it- 
dustries in Table I and 1011 cases for 
the functional classification in Table IL 

Since the study was carried out on 4 
percentage basis, individual cases were 
not excluded if they could be used in any 
one of the tabulations. Consequently, 
data concerning a given individual may 
be included in all tables or only in one, 
depending upon the completeness of the 
available information. 

It should be noted that graduates from 
M.I.T. and R.P.I. are listed only in the 
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1948-1949 and 1949-1950 classes, and 
that the Dartmouth mechanical engineer- 
ing graduates are all subsequent to 1941. 


Results of Survey 


Although the basic data were neither as 
extensive nor as clear cut as might have 
been desired, it is believed that adequate 
coverage remains to give some rather 
definite indications of the true situation. 
It will be noted from the percentage to- 
tals of Table I that 54% of the 1497 
graduates entered the field of general 
manufacturing over the 12 class period 
and less than 10% selected any other 
single field. The distinction between 
“ight”? and “heavy” manufacturing was 
somewhat arbitrary and probably rela- 
tively inaccurate. 

An attempt was made to compare the 
variations in the portion of graduates 
entering manufacturing industries with 
the eurve of New England industrial ac- 
tivity for the same period, but no signifi- 
cant relationship was noted. 

7.7%, overall, entered the aircraft in- 
dustry, but the popularity of this field in- 
ereased to a peak of 20.5% in 1942 and 
since that time has been in a steady de- 
cline. Approximately 4% have entered 
each of the fields of public utilities, trans- 
portation, smelting and refining-forge 
and foundry-steelmaking, petroleum and 
chemical industry, professional engineer- 
ing firms, and the Federal Government, 
but the number of men involved is too 
small in each case to clearly indicate any 
trends. 

5.5% of the men,went on to graduate 
study during the period studied, but this 
is an average figure representing a 
strongly increasing trend which exceeded 
10% in 1950. Although this trend is 
clearly influenced by the “G.I. Bill,” it 
may be noted that 8% went to graduate 
school from the class of 1937-1938. 

There appears to be a decreasing trend 
in the percentages entering general manu- 
facturing, but it appears probable that 
this field will continue to absorb approxi- 
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mately one-half of the mechanical engi- 
neering graduates. 

Table II shows the functional classifica- 
tion of the work performed by 1011 men 
immediately after graduation. In this 
table an attempt was made to combine 
types of work requiring the same gen- 
eral preparation. 27% of the graduates 
went into drafting and design, and no 
major trend is apparent. 22% undertook 
training programs. Here the yearly aver- 
ages are spotty, and probably the figures 
given are conservative. It appears that 
training courses are increasing in popu- 
larity as a general: trend. 

Research and development accounted 
for 11.2% of the men considered. This 
field apparently overlaps that of drafting 
and design and probably represents more 
development than research. No clear 
trend is noted over the last 11 or 12 years. 

8.2% went into sales and service. This 
function is spotty and no trend is ap- 
parent. 

Shop work and inspection with an 
overall percentage of 5.3 is quite variable 
in popularity but is apparently steadily 
decreasing in importance. In the pre- 
war period tool engineering attracted 


‘1.3-5% of the group, but virtually no 


one from among those studied has entered 
this field upon graduation during the last 
5 years. 

The remainder of the functions listed 
have accounted for small and variable 
numbers of graduates, but no definite 
trends are observed. 

To supplement the available informa- 
tion concerning the jobs accepted imme- 
diately after graduation, an attempt to 
study job changes in the few years fol- 
lowing commencement is summarized in 
Table III. For obvious reasons only 
Northeastern graduates could be studied, 
and those selected comprised 219 students 
from the classes of 1936, 1940, 1941 and 
1942. A period of 6 years of work was 
selected as best avoiding the war years 
and from the records of this group of 
young engineers, 178 cases were available 
to study the industries involved at grad- 
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204 SURVEY OF FIRST POSITIONS ACCEPTED BY M.E. GRADUATES 
TABLE V 
LocaTION OF First Posrrion AccEPTED AFTER GRADUATION 
Worcester | Northeastern MM; ir. U. of Mass. | Dartmouth 
State : to * 
No. % No. % No. % No. % No. % 
Massachusetts 219 | 42.0] 289 | 60.0] 2316.7] 23 | 59.0 4 |12.9| 558) 46.0 
Connecticut 89 117.0} 43} 89) 1510.9 1 2.6) 5 |16.1| 158] 128 
New York 67 | 12.8) 35 7.2) 33 | 23.9 6 | 15.4 9 | 29.0 150} 12.4 
New Jersey 28 | 5.4) 26} 5.4 5.13.6; 2 Sid 1 62) 5.1 
Pennsylvania | 28] 5.4| 9] 19] 6] 44 3 | 90] 46! 38 
Ohio 13| 25| 8] 1.7] 11] 8.0] 1 33| 2.7 
Vermont 3 20 | 4.1 1 ee ee 27| 22 
Virginia | 13] 25) 8] 17] 3] 22 | 24| 2.0 
Michigan | 138] 2.5 1 5| 3.6 i Ss 22) 18 
Maryland | -@)- 837 ~87 a2 + | 26] 18| 15 
Illinois | 5| 10} 5] 10 8] 5.8 18} 1.5 
Wash., D. C. FL OE alg 7| 50 15} 14 
Rhode Island ber 2 4 | 10} 08 
California ee: 2 1.5 1 9| 0.7 
Wisconsin 2 2 5| 3.6 | | 9| 0.7 
New Hampshire | 1 5 | 1.0 t 22:61 | 7| 0.6 
Maine 4 1 i me 1 7| 0.6 
Delaware 3 1 31.22 | | 7| 0.6 
West Virginia 6] 12 1 | 7| 0.6 
Indiana 3 24 teh 1 2.6 | | 6) 0.5 
Texas 1 1 op one 5} 0.4 
New Mexico 2 | 2) — 
Kentucky 2 | | | 2} — 
Louisiana | | 2) 1.5 2| = 
Tennessee 2 | | a 
Idaho 1 | | ey ij = 
Mississippi 1 | | | | i] — 
Alabama 1 | | | 1| — 
Minnesota 1 | 1} — 
Outside U. 8. 2 | 3 | 4] 29 | | 9} 07 
Total 522 | 484 | 138 39 | | 31 | = 
| | | 























uation and 183 cases for the situation 6 
years afterward. 

It will be seen that employment 
in manufacturing decreased from 60%, 
which is somewhat above the 6 college 
12 class average of Table I, to 45.4%, 
still a substantial portion of the group. 

Employment in the aircraft industry 
and in shipbuilding substantially dropped, 
while there was a considerable increase in 
those associated with the petroleum and 
chemical industry. 

It must be recognized that the rela- 
tively few cases involved make it impos- 


sible to generalize with any high degree 
of accuracy. 

Table IV summarizes the functional 
classification at graduation of 169 cases 
from the above group and of 160 cases 
6 years afterward. It is interesting to 
observe that the percentage of men in 
drafting and design remained virtually 
unchanged at 34% and that the college 
records revealed an orderly progress from 
drafting to design in the great majority 
of cases. 

As might have been expected, the 
proportion in research and development 
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doubled; and the records seemed to show 
an increase in the research type of activ- 
ity. The field of sales and service in- 
creased from 3 to 13%, shop work and 
inspection dropped from 17 to 2.5% and 
the remainder were in the field of inspec- 
tion. 

A moderate increase, which involves 
relatively few cases, may be observed in 
production supervision, industrial engi- 
neering, testing, teaching, plant engineer- 
ing, fire prevention and safety engineer- 
ing, and own businesses. 

It is rather surprising that with this 
particular group tool engineering dis- 
appeared within the first 6 years after 
graduation. Apparently shop work as 
well as training courses has served as 


‘an effective springboard to professional 


progress and diversification. 

While examining the records of this 
group, it was possible to find 161 cases 
with adequate data to record the numbers 
of positions held within the first 6 years 
after graduation. These figures do not 
show service in the armed forces, and a 
man who returned to the same firm post- 
war is credited with only one job. 


No. of Jobs 

in Ist 6 

Years No. Men % 
1 45 28 
2 56 35 
3 43 27 
A 12 8 
5 2 1.0 
6 1 0.6 
7 2 1.0 


Total 161 


It was interesting” to note that there 
was no definite correlation between the 
number of jobs held within the first six 
years and a man’s professional progress. 
Apparently, a large number of jobs held 
may equally well indicate a lack of desir- 
ability or the possession of outstanding 
initiative and ability. 

Over the years a high percentage of 
Northeastern students have accepted first 
jobs with Massachusetts organizations as 
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may be noted in Table V. This is prob- 
ably due to the joint influence of the Co- 
operative Plan and a high percentage 
of undergraduates from Greater Boston 
homes. However, there are definite indi- 
eations from this relatively small group 
that the geographical distribution is con- 
siderably expanded within 6 years after 
graduation. 

Table V tabulates the geographical dis- 
tribution of the first jobs held by 1214 
graduates of all the colleges represented 
in this study except Rensselaer. Only 
four states—Massachusetts, Connecticut, 
New York and New Jersey—have received 
over 5% of these graduates and the addi- 
tion of four more states, Pennsylvania, 
Ohio, Vermont, and Virginia, will include 
all states attracting 2% or more of the 
group. 

It should be noted that the figures from 
M.I.T., which has had a wide geographi- 
cal distribution of its graduates for many 
years, represent only the classes of 1948- 
1949 and 1949-1950. It is also clearly 
evident from the basic records that in the 
post war period there has been a consid- 
erable expansion in the geographical dis- 
tribution of post graduation employment 
for both W.P.I. and Northeastern. 


Summary 


Nearly one-half of 1214 graduates in 
mechanical engineering from New Eng- 
land colleges accepted first jobs in Massa- 
chusetts, and approximately the same 
numbers, 12.5%, obtained employment in 
Connecticut and in New York. 

Slightly over 50% from the group 
studied entered the field of general manu- 
facturing, and no other type of industry 
attracted over 8% from this total group 
of 12 graduating classes. 

In the various industries 27% were 
engaged in design and drafting, 22% un- 
dertook training programs, 11% were in 
research and development, and no other 
type of work individually covered as 
much as 10% of the group. 

Within a small group of approximately 
170 men whose status immediately after 
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graduation could be compared with the 
situation 6 years later, essentially one 
half of the group were still in general 
manufacturing, and less than 10% were 
in any other single kind of activity. Ap- 
proximately one-third had remained in 
design and drafting, those in sales and 
service had increased from 3 to 13%, and 
the number in research and development 
had doubled to 15.6% while the numbers 
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in shop work and in tool engineering had 
radically dropped. 

It is to be noted that the nature of the 
basic records is such that the mathemaiti- 


cal results of this study are not of a high 


degree of accuracy. However, in view of 
the numbers involved and of the elimina. 
tion of many doubtful cases, it is be 
lieved that some rather definite trends 
may be observed. 


Sections and Branches 


The annual fall meeting of the New 
England Section was held at the Univer- 
sity of New Hampshire, Durham, New 
Hampshire, on October 14, 1950. Officers 
of the Section were invited to attend 
the Symposium on “Technology in the 
Service of Mankind,” held the previous 
afternoon and evening in New Hampshire 
Hall. The following officers were unani- 


mously elected: W. C. White as Chair- 


man, and EK. F. Littleton as Secretary. 
Mr. H. H. Armsby, Vice President of 
the ASEE, spoke briefly to the group 
upon the outlook as seen by the U. §. 
Office of Education. Conferences were 
held on Chemical Engineering, Civil En- 
gineering, Electrical Engineering, Me 
chanical Engineering, Engineering Phys- 
ies, English and Engineering Libraries. 
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A Course in Physical Chemistry for 





Mechanical Engineers 


By MILTON KERKER 


Assistant Professor of Chemistry, Clarkson College of Technology 


Mechanical Engineering students at 
Clarkson College of Technology are re- 
quired to take a two hour lecture course 
in Physical Chemistry during the second 
semester of their junior year. This course 
was previously offered as a senior elective 
and has proved successful enough to be 
incorporated into the general curriculum. 
It is the purpose of this paper to describe 
the aims and content of the course. 

It may at first seem surprising that the 
already crowded mechanical engineering 
curriculum should be further encumbered 
by a specialized course in chemistry. 
Every teacher of freshman chemistry is 
well acquainted with the none-too-rare 
type of engineering student who cannot 
understand why he is required to study 
chemistry. In some instances he may be 
told that chemistry is “broadening” and, 
like a daily dose of vitamins, every engi- 
neer ought to have some. Although this 
answer may have some merit, it by no 
means tells the entire story since chem- 
istry is a most practical tool for many 
phases of engineering work and an es- 
sential prerequisite for much of engineer- 
ing education. a 

An important part of the mechanical 
engineering curriculum is concerned with 
thermodynamics and its application to 
steam power plants, internal combustion 
engines and corrosion. In order to treat 
these topics adequately, it is necessary to 
consider the kinetic theory of gases, com- 
bustion, chemical equilibrium, petroleum 
fuels, electrochemistry, ete. These latter 


subjects are generally incorporated in the 
engineering courses as the need for them 
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arises. However, there is seldom the time 
to treat them adequately. Since they 
provide the physical basis for the phe- 
nomenon being studied, the student is 
building upon a weak foundation. It is 
almost by rote that he learns that corro- 
sion proceeds more rapidly at certain 
pH’s, that the heat capacities of gases 
vary with temperature or that a certain 
fuel-air mixture may yield a given maxi- 
mum flame temperature. If the physical 
basis for these facts is not understood, 
the facts themselves cannot be very mean- 
ingful to the student. Under such cir- 
cumstances, engineering education is in 
danger of being reduced to the technique 
of reading charts and solving numerical 
problems. But in order to face new sit- 
uations, the engineer must do more. For 
this, he must have a profound under- 
standing of the phenomenon with which 
he is dealing. 

The Department of Mechanical Engi- 
neering at Clarkson College has long ree- 
ognized the need for developing a firm 
understanding of chemical principles by 
their students. When the author was 
asked to prepare a course which would 
meet the requirements of the Mechanical 
Engineering curriculum, it was realized 
that neither the orthodox physical chem- 
istry course nor a watered down “survey” 
course would do. The year course in 
physical chemistry for chemistry and 
chemical engineering students has now 
become so bulky that the student is offered 
only a kaleidoscopic picture of the field. 
To offer such a potpourri, even after 
eliminating much material, would be a 
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burden to the non-specialist student. The 
need was for an integrated short course 
which would cover a small number of 
topics of interest and use to mechanical 
engineers. Since they had already studied 
thermodynamics and had considerable 
training in physics and mathematics, it 
was possible to present the material on 
at least as high a level as that for the 
chemistry majors. 

A survey of colleges whose chemical 
engineering departments were accredited 
by the American Chemical Society was 
made in order to determine what was be- 
ing done along these lines at other 
schools. Only one school which had re- 
cently expanded its curriculum to a five- 
year program offered a course in physical 
chemistry to non-specialist engineers. 
This course was given during the sopho- 
more year and was of the survey type, 
something we wished to avoid. 

There was no textbook which fit the 
needs of the course. It was felt that a 
textbook of some sort should be provided 
even if it did not completely conform to 
the aims of the course. One of the stand- 
ard undergraduate texts in physical chem- 
istry was recommended, and selected read- 
ing and problems were assigned from 
time to time. However, the course in no 
sense “followed the book” and mimeo- 
graphed notes were passed out to supple- 
ment the lectures. 

The student reaction to the course was 
excellent. There was general recognition 
of the relation of the topics covered to 
their own specialties. Although they 
knew that as engineers they would not be 
called upon to solve problems of a chemi- 
cal nature, they appreciated the broader 
understanding of their own field to which 
the study of chemical principles contrib- 
uted. 

Course OUTLINE 
The course outline is presented below: 
I. Gases 
A. Kinetic theory 
1. Gas pressure 


2. Avogadro’s principle 
3. Boyle’s and Charles’ laws 


EE 


III. 
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4. Molecular velocity 
5. Viscosity 
6. Dalton’s law 
Some general principles 
1. Atomic and molecular weights 
2. Moles 
3. Avogadro’s number 
4. Determination of molecular 
weights 
C. Deviations from ideality 
D. Heat capacity 
1. Cp and Cy 
2. Heat capacity of the perfect gas 
3. Variation with temperature 
a. Equipartition theory 
b. Quantum mechanical theory 


Condensed phases 
A. Kinetic theory of liquids and solids 
B. Phase relations 
1. Vapor pressure 
2. Fusion, sublimation, polymor- 
phism 
3. Critical phenomena 
4, The phase rule 
a. Single component system 
b. Two component condensed sys- 
tem 
. Surface tension 
. Kinetics of phase transformation 
. Solutions 
1. Colligative properties 
2. Binary liquid systems, distillation 


Hoo 


Corrosion 
A. Electrochemical principles 
1. Ionization 
2. Electrolytic conduction 
3. The electrochemical cell 
a. Chemical cells 
b. Electrode potentials 
c. Concentration cells 
B. General theory of corrosion 
1. Rusting of iron in water 
2. Corrosion by applied Emf 
3. Corrosion without application of 
external Emf 
C. Protection against corrosion 
1. Paints and enamels 
2. Metallic coats 
3. Inhibitive treatment of water 
4, Chemical treatment 


7. Combustion Phenomena 


A. Thermochemistry 
1. Thermochemical equations 
2. Heat of reaction 








D. 
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B. 


— 
~~ 


3. Hess’s Law 
4. Kirchoff’s Law 


Reaction kinetics E. 


1. Factors affecting reaction rates 

2. Kinetics of simple reactions 

3. Reaction mechanisms and stoichio- 
metric equations 

4. Chain reactions 
a. The HBr reaction 


b. Chain branching F. 
. Chemical Equilibria 


1. Law of mass action and equilib- 
rium constant 

2. Factors affecting equilibrium 

3. Solution of equilibrium problems 


Q 


. Auto-ignition and combustion 


1. Thermal mechanism 
2. Free radical mechanism 
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3. Upper and lower explosion limits 
4. Combustion of hydrocarbons 
Flame propagation 
1. Experimental procedures 
a. Photography 
b. Shadow method 
c. Schlieren method 
2. Flame velocity from bunsen burner 
cone 


Equilibrium temperature and _ pres- 
sure in an adiabatic combustion 
chamber 
. Petroleum 


1. Organic compounds found in petro- 
leum 

2. Petroleum fractions 

3. Engine knocking and octane rating 

4. Synthetic gasoline 
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An Analysis of Petroleum Engineering Curricula, 
and Recommendations for Elective Sequences* 


By HARRY H. POWER 


Chairman of Department of Petroleum Engineering 
University of Texas 


In 1943 and 1944, a comparison was 
made of the specialized curricula in pe- 
troleum engineering of the petroleum en- 
gineering schools of the United States. 
In response to a questionnaire, course 
outlines were submitted by most of the 
schools, and a compilation was made in 
report form which revealed that commit- 
tee action was valuable in reducing the 
large number of course titles and recom- 
bining course contents. As a further re- 
sult of this survey a paper was written 
(1) stressing: 


(1) The general objectives of the En- 
gineering Council for Professional De- 
velopment in engineering education. 

(2) The importance of fundamental 
science in the engineering curricula. 

(3) The engineering-problem method 
or “quantitative approach” in the teach- 
ing of specialized courses. This consti- 
tuted an abrupt change from the so-called 
“descriptive approach.” 

(4) Suggested structures of the spe- 
cialized courses to meet the requirements 
of (3). 

(5) The role of supporting courses, 
especially English and Economics. 


A sufficient number of years have 
passed, especially since the termination of 
World War II, to take stock once more of 
trends in petroleum engineering educa- 
tion. Accordingly, the curricula of some 


* Presented before the Mineral Engineer- 
ing Division at the Annual Meeting of the 
ASEE, Seattle, Washington, June 19-23, 
1950. 
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twenty-two institutions have been am 
lyzed and several noteworthy develop 
ments have been investigated for pur 
poses of comparison and comment. 

In the examination of engineering ew. 
ricula for purposes of accrediting, a re 
ognized definition of engineering is a fin 
requisite for the strict approval of sud 
programs. New fields, such as petrolem 
engineering, have opened since the tun 
of the century. Some believe such a fie 
to be characterized as a specialization i 
the function of engineering, while othe 
fields, such as geological engineering ani 
engineering physics, are associated with 
the basic sciences. Often, the principi 
problem confronting an examiner is this: 
“should this curriculum be considered & 
engineering leading to an engineerin 
degree?” (2). 

Engineering curricula are characte 
ized by courses in mechanics, strength d 
materials, and properties of material 
Based on such studies will be characte 
istic courses such as “structures, appt 


ratus or machines, and the principle} 


upon which they are designed, constructel 
and operated.” For example, the ew 
riculum in mining engineering contail 
courses in mechanics, hydraulics, ly 
draulic machinery, heat engines and ele 
trical equipment. It will also inelut 
mathematics, chemistry, physics and gt 
ology. This latter group also characte 
izes a curriculum in geology. It is it 
ferred that the mining engineer plans t 
design, construct and operate. The ged 
ogist is interested in the formation aul 
nature of the earth’s crust, but does nd 
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plan to design, construct or conduct sur- 
face or sub-surface operations. Hence 
the verb to engineer is defined: “to plan 
and direct the formation or the carrying 
out of; to guide or manage by ingenuity 
and tact; to conduct through or over ob- 
sacles by contrivance and effort” (2). 
By design is meant “the process of con- 
triving a scheme, system or concept of a 
device, together with a forecast of be- 
havior thereof, which if built would be 
appropriate to the functional, economic 
and safety requirements.” Hollister (2), 
therefore, concludes that: 


‘‘An engineer is characterized by his 
ability to apply scientific principles to de- 
sign or develop structures, machines, ap- 
paratus or manufacturing processes, or 
works utilizing them singly or in combina- 
tion; or to construct or operate the same 
with full cognizance of their design and of 
the limitations of behavior imposed by such 
design; or to forecast their behavior under 
yecific operating conditions; all as respects 
a specific function, economies of operation 
and safety to life or property.’’ 


The content of an engineering curric- 
ium beyond mechanics of materials and 
properties of materials that will enable 
me to design will vary with the basic 
feld of engineering. In the field of pe- 
ttoleum engineering such identifying 
courses must be specified as minimum 
esentials. 

Since no curriculum can foretell all the 
taining necessary for the graduate in his 
professional life, it is impossible to spec- 
ify all requirements of training, but it 
seertain that he should be trained thor- 
oughly in broad fundamentals. 

4 


Analysis of Curricular Programs 


A detailed examination of the curricula 





o inelnie 


in petroleum engineering offered by twen- 


s and gtfi-two institutions in the United States 
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Two institutions offer separate four 
far options in production and refining; 
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One institution offers separate four 
year options in production, refining, ge- 
ology and management; 

Two institutions offer separate four 
year options in production and natural 
gas; 

One institution offers four and five 
year options in petroleum engineering; 
a five year option in petroleum engineer- 
ing and business; a five year option in pe- 
troleum engineering and chemical engi- 
neering; a five year option in petroleum 
engineering and geological engineering; 
and a five year option in petroleum engi- 
neering and mechanical engineering. 


As a result of detailed analyses, the 
relative emphasis given the various 
courses composing the curricula is shown 
in Tables I, IT and III. 

Combination five-year programs offer 
the advantages of two degrees in different 
fields of engineering. Although the ad- 
vent of such programs has been recent, 
industry is said to favor the two-degree 
plan, especially the one combining pe- 
troleum and mechanical engineering. It 
must be admitted that the producing in- 
dustry is in a large measure mechanical. 
Mechanical engineers in the field have be- 
come petroleum engineers and petroleum 
engineers have become mechanical engi- 
neers. There is no doubt but what each 
field has its place in the oil and gas busi- 
ness. It remains to be seen whether an 
all-embracive five-year program in pe- 
troleum engineering is in a position to 
compete with the combination degree 
plan. However, the programs proposed 
may be supplemented by five-year pro- 
grams leading to degrees combining pe- 
troleum engineering with mechanical, ge- 
ological, and chemical engineering. This 
arrangement should be of sufficient flexi- 
bility to permit a choice to meet the most 
critical employers of engineers in indus- 
try. 

Although the author is not committed 
to optional curricula in petroleum engi- 
neering, such options do exist elsewhere 
and have been analyzed in order to pre- 
sent representative programs. Some in- 
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Mathematies 





Physics 
(Engineering) 


Chemistry 


Drawing 
Geological 


Sciences 


Mechanical 
Engineering 





Civil 
Engineering 








Analytical Geometry 


Diff. Caleulus 
Int. Calculus 


Mechanics 
Heat 
Electricity 
Magnetism 
Light 
Sound 


General 

(incl. Qualitative) 
Quantitative 
Organic 
Physical 


Elem. Engineering 
Descr. Geometry 


General (Physical) 
Historical 
Minerology 
Petrology 
Structural 


Thermodynamics 
(and Lab.) 


Surveying 








Adv. Engineering 
Drawing 


Petroleum 
Field 
Sedimentology 
Stratigraphy 


Dynamics of Machines 

Machine Design 

Steam Power Plant 

Internal Combustion 
Engines 

Machine Shop 


Reinforced Concrete 
Graphic Stress Analysis 
Structural Design 





Requirements 
Genera Secondary Occasional 
Algebra Diff. Eqns. 
Trigonometry Adv. Calculus 


Air Conditioning 
Refrigeration 
Graphic Mechanics 
| Natural Gas System 

Design 
Conference 








stitutions may elect to offer optional pro- 
grams plainly designated as such. Others 
may prefer to offer a wide choice of elec- 
tives in order to meet, substantially, the 
general objectives of the optional pro- 
The author leans towards this 
(See Tables IV and 


grams. 
latter procedure. 
V.) 


leum Engineering. 
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of any one of the above sequences mij 
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of engineering, that the four-year cur- 
riculum is inadequate. When it is real- 
ized that most branches of engineering 
are represented in the oil-producing in- 
dustry, one must conclude that a very 
difficult problem is presented in the de- 
sign of a four-year curriculum in pe- 
troleum engineering that will embrace 
effectively the necessary science studies 
as well as the various fields of engineer- 
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ing. Not that the petroleum engineer ex- 
pects to be proficient in all fields as they 
are applied in the oil and gas industry, 
but he is cognizant of the broad scope of 
his duties, which may be compared with 
those of the mining engineer. Hence, if 
a four-year program is insufficient for the 
all-embracing curriculum, it is possible 
that auxilliary elective sequences might 
be considered for full development within 


TABLE II 
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Requirements 





ras | 
| 3 } 
General 


Electrical 
Engineering 





A.C. and D.C. 
Machinery 


Engineering 

Mechanics (Statics, kin- 
etics and kinematics) 

Strength of Materials 


General 
Engineering 


Hydraulics 
Chemical Fuels and Combustion 
Engineering | Unit Operations 
Petroleum Refining 
Petroleum Development Methods 
Technology | Production Methods 


Laboratory 

Natural Gas 
Engineering (and Lab.) 

Natural Gasoline 

Design 

Valuation 

Reservoir Mechanics 

Produgtion Engineering 

Oil and Gas 


Transmission 


Mining and 
Metallurgy 


Metallurgy 
and 

Metallography of Iron 
and Steel 








| 

we np a ee 
| 
| 


Elementary Engineering 
Problems 


Petroleum Industrial 
Processes 

Thermodynamics 

Oil and Gas Technology 


Introductory Problem 
Courses 
Petroleum Economics 
Logging Methods 
Hydrocarbon Analysis 
Petroleum Testing 
Phase Behavior 
Secondary Recovery 
Seminar 


Mine Surveying 


Secondary Occasional 





Engineering Materials 

Engineering 
Construction 

Wood Patterns 


Instrumentation and 
Plant Control 


Introductory 
Descriptive Courses 

Oil Field Mapping 

Drilling Muds 

Industrial Work 

Field Trips 

Field Courses 


Mine Operations 

Ore Dressing and Coal 
Cleaning 

Prospecting 

Explosives and Rock 
Work 

Investigations 

Gases and Ventilation 

Development Methods 
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Requirements 
General Secondary Occasional 
English and_ | English Composition Literature 
Speech Rhetoric Advanced Grammar 
Technical Writing and | Electives in English 
Public Speaking 
Business Accounting Commercial Law Marketing 
Industrial Organization | Oil and Gas Law Salesmanship 
and Management Engineering Contracts 
and Specifications 
Statistics 
Corporation Finance 
Miscellaneous | History Foreign Languages 
Government Psychology 
Naval and Military Sociology 
| Science Library 
| Physical Education Slide Rule 
Orientation First Aid 
Economics General Economics Engineering Economics | Petroleum Economics 
Industrial Organization 
Money and Banking 





Electives 
semester hours. 
must be in the humanities. 








Electives in the various institutions vary in credit from three to nineteen 
At one institution, six of the twelve elective semester hours 


Greater freedom in the selection of electives is permitted at the institutions 
offering optional programs, both in the usual four-year programs, and in the 
five-year combination programs. 





this time limitation. The addition of a 
fifth year’s program should not only ex- 
pand the particular sequence adequately, 
but might serve to orient the various elec- 
tives chosen to a well-balanced program 
covering petroleum engineering as a 
whole. It is not believed that many rec- 
ommend the optional division of a spe- 
cialized field such as petroleum engineer- 
ing, but if the four-year curriculum must 
be offered, regardless of its limitations, 
the five-year program should provide an 
answer to the just criticism of specializa- 
tion within a specialization. 

Several institutions offer “options” in 
petroleum engineering, the most common 
ones being: production, development, nat- 





ural gas, geology, and refining. One in 
stitution has mentioned an option in proc 
ess engineering. Although an option in 
reservoir engineering has been mentioned 
in petroleum engineering groups on nl- 
merous occasions, no such option is indi 
cated in the current programs of the vari- 
ous institutions. 

Alternative fifth-year programs, 4 
continuations of the above sequences, may 
be selected to meet the requirements for 
the Bachelor of Science degrees in Me 
chanical Engineering, Geological Engi- 
neering, and Chemical Engineering. 

The various programs suggested above 
will undoubtedly be criticized from the 
standpoint of present day trends with 
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respect to: (1) electives in each program, 
and (2) the humanities. The answer to 
this criticism is that freedom of choice of 
the various programs suggested is thought 
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to be sufficiently great to outweigh the 
comparatively small number of semester 
hours devoted to humanities and addi- 
Certainly, professional 


tional electives. 


TABLE IV 
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Process 





(Semester Hours) 





Mathematics 
Algebra 
Trigonometry 
Analytical Geometry 
Differential Calculus 
Integral Calculus 
Advanced Calculus 


Physics 
Engineering 


Chemistry 
General 
Quantitative Analysis 
Organic Chemistry 
Physical Chemistry 
Colloid Chemistry 


Drawing 
Elementary Engineering 
Descriptive Geometry 


Geology 
Physical Geology 
Historical Geology 
Mineralogy, Cryst., Petrology 
Petrology 
Structural Geology 
Stratigraphy 
Sedimentology 
Paleontology 
Petrography 
Geophysics 


Mechanical Engineering 
Mechanism 
Dynamics 
Thermodynamics and Laboratory 
Heat Engin. and Laboratory 
Internal Combustion Engines 
Machine Design 
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TABLE V 
Four-YEAR CURRICULA IN PETROLEUM ENGINEERING 
: Reservoir |Natural G 
a — Engineer Engineer- Geology | Process 
(Semester Hours) 
Civil Engineering 
Surveying 3 3 3 3 3 3 
Chemical Engineering 
Fuels, Combustion, and Ht. Bal. 3 ~ ~ 3 - 3 
Unit Operations 3 - - - - 6 
Electrical Engineering 
A.C. and D.C. Machinery 4 - - - - 4 
General Engineering 
Engineering Mechanics—Statics 3 3 3 3 3 3 
Eng. Mechanics—Kinet. and 
Kinem. 3 3 3 3 s | oo 
Strength of Materials a 4 4 4 4 + 
Hydraulics 3 3 eel 3 eel 
| 
Petroleum Engineering 
Introductory—Problems 3 3 3 3 3} 
Development and Production | 
Methods 3 3 3 3 3 | 3 
Laboratory 3 3 3 3 o bee 
Valuation and Economics 3 - 3 - So: pe 
Phase Relations—Oil and Gas 
Mixtures - ~ae et a eee 3 - 
Logging Methods - a 5 uae 3 - 
Natural Gas Engineering 4 4 y oa 4 4 4 
Reservoir Mechanics 3 - 6 3 3 = 
Design 3 - - - 3 3 
English (and Public Speaking) 
Composition and Rhetoric 6 6 6 6 6 6 
Technical Report Writing 3 3 3 3 3 3 
Literature, Advanced ,Grammar, | 
or Public Speaking 3 3 3 3 ae a 
Miscellaneous 
U.S. History 3 3 3 3 3 3 
Government 3 3 3 3 3 3 
Totals 147 147 148 147 146 147 
engineers of standing can look back and outside the class-rooms. Recall the num- 


observe that their growth, technically and 
broadly as civic leaders, has been acceler- 


ated in a large degree by self-education 





ber of engineers who have attained addi- 
tional proficiency in evening schools, dis- 


cussion clubs, or, perhaps, through the 
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pursuance of training programs or 
courses of study promoted at company 
time and expense. 

As Dean Hollister (2) concludes: 


‘“No curriculum can or should aim to pro- 
vide all the training necessary to the grad- 
uate in his subsequent life. It is impos- 
sible to say what his specific requirements 
of training will be. He should, however, 
be trained thoroughly in broad funda- 
mentals. It is the duty of each graduate 
to adapt and apply these fundamentals to 
his needs as his life unfolds, and to supple- 
ment them with suitable additional study. 
The thorough study of fundamentals is least 
likely to be pursued on one’s own, and 
hence should certainly be included in the 
curriculum. Subjects easily read by the 
average graduate student should be omittted 
from the curriculum; however, the teacher 
has a specific duty to inspire the graduate 
to such further reading.’’ 


It is, therefore, concluded that a pe- 
troleum engineering curriculum should 
emphasize : 
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1. Broad fundamental studies. 

2. The role of design and economics as 

essentials in engineering. 

3. Good English—in writing and 

speech. 

4. Flexibility—realized through the 
proper choice of electives and elee- 
tive sequences. 

. The importance of five-year pro- 
grams in the development of versa- 
tility to meet the diversified demands 
of the petroleum industry. 


on 


BIBLIOGRAPHY 


1. Power, H. H., ‘‘Petroleum Engineering 
Education and the Quantitative Ap- 
proach,’’ Trans. A.I.M.E., Vol. 160 
(1945). 

2. Hotuister, S. C., ‘‘Minimum Essentials 
of an Engineering Curriculum,’’ Re- 
port Presented at Meeting of Re- 
gional Committee Members, E.C.P.D. 
Committee on Engineering Schools, 
Troy, N. Y., June, 1949. 


Summer Schools 


The Executive Board has approved the following Summer Schools 
which will be held at Michigan State College either before or im- 
mediately after the Annual Meeting in June, 1951: 


Engineering Drawing—June 21-24, 1951 
Humanistic-Social Studies—June 21-23, 1951 
Mechanical Engineering—Thermodynamics—July 2, 1951 


(for 2 weeks) 








Mathematics for Engineers“ 


By M. E. SHANKS 


Professor of Mathematics, Purdue University 


Mathematicians often discuss the diffi- 
culty of teaching engineering students 
because of their persistent desire to see 
the uiility of a new concept. Too often 
the conclusion is reached that little can 
be taught beyond a certain amount of 
routine technique. As a consequence, 
mathematics courses for engineers are 
distinguished frequently by a dead for- 
malism and a paucity of connecting ideas 
between the various topics. At the pres- 
ent time there is sentiment for a change, 
and this sentiment stems in part from 
the engineering faculties in their search 
for greater mathematical competence for 
their students. While a reaction was cer- 
tain to come, the recent war effort has so 
speeded up matters that it is now neces- 
sary to reéxamine our offerings to engi- 
neers in the light of current engineering 
problems and practices. 

Consider the fact that a research engi- 
neer may be asked to tackle such diffi- 
eult and diverse problems as the vibra- 
tions of non-linear systems, the flow of 
viscous or compressible fluids, and the 
electromagnetic fields of complex config- 
urations. Clearly it takes considerable 
mathematical maturity just to compre- 
hend such problems, and problems of the 
same order of difficulty are being en- 
countered in increasing numbers, with 
the result that engineering schools are 
becoming more critical of the mathemati- 
cal training their students receive. Crit- 
ical appraisal of the mathematics cur- 
riculum will continue to be stimulated by 
the growth of graduate schools in engi- 


* Read before the Indiana Section of the 
Mathematical Association of America, May 
6, 1950. 
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neering. Of course only a few engineer 
are engaged in research or go on to grad- 
uate study, but the point I make here is 
that early work in mathematics should 
be an adequate foundation for futur 
study. Sad to relate, this is too often not 
the case; the engineer graduates without 
ever encountering any real mathematics! 


Status of Freshman Mathematics 


Let us consider briefly freshman mathe- 
maties as it exists today in the United 
States, and, to limit the scope, confine 
our attention to state universities, where 
essentially all high school graduates are 
admitted. Two significant trends may be 
observed. One of these trends is the in- 
troduction of new terminal courses for 
non-science students, designed to fill a* 
cultural gap. Such courses place little 
emphasis on the development of tech 
niques and do not serve as a prerequisite 
for future work. The main objective is 
to convey some appreciation of the na- 
ture of mathematics and the problems it 
attacks, and to awaken interest. 

The second trend is toward a more 
“ynified” freshman course for the future 
scientist. Here, while cultural considera- 
tions are also involved, the main objec 
tive is to teach sound mathematics (and 
this means with proofs wherever possi- 
ble) which is not separated into compart 
ments of algebra, trigonometry and ana- 
lytic geometry. The classical algebra, 
trigonometry, and analytic geometry se 
quence has had remarkable survival value. 
When one considers that it has been i 
existence for several generations without 


1 Obviously he is not alone in this respect. 
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essential change (except for some dilu- 
tion in content) it is hard to imagine how 
such a fossilized entity could so long en- 
dure. Of all the sciences only mathe- 
matics has seen so little of modern con- 
cepts brought down into the elementary 
curriculum. We are surely ripe for a 
change. At the present time revised 
freshman courses are being attempted at 
yarious schools over the country but it is 
too early to predict at all what can be 
accomplished. However, emphasis on 
method, proof, and the introduction of 
unifying concepts are guiding principles. 

If we admit that these objectives are 
‘desirable in courses for the pure scientist 
the question arises as to what to do for 
the engineer. It is first necessary to de- 
termine an absolute minimum that the 
engineer should learn. This minimum, I 
suggest, is a “good” grasp of functional 
relations and doubtless the same holds for 
the budding mathematician or scientist. 
If such is the case, it follows that all 
would-be scientists should take the same 
freshman course. Let us then examine in 
somewhat greater detail the content and 
procedures in the new freshman course.” 
As guiding principles perhaps the follow- 
ing suffice. (1) Teach less but more 
thoroughly. (2) Give clear statements 
of definitions and hypotheses with proofs 
by both instructor and student wherever 
possible. Difficult matters such as exist- 
ence should be made plausible and then 
postulated. (3) Algebra, trigonometry, 
and analytic geometry should be taught 
as one subject, namely, analysis. (4) In- 
troduce advanced ideas wherever profit- 
able and natural. ‘*% 

Some specific suggestions would doubt- 
less be pertinent in connection with such 
a program. The following are tenta- 


2It is probable that calculus should, in 
part, be brought down to the freshman 
year, especially in connection with ‘‘ana- 
lytie geometry’? which as is taught at pres- 
ent is neither analytic nor geometry. In 
order not to get too involved I ignore this 
possibility here. 
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tively offered in extreme timidity but 
with hope. (1) Begin with the integers 
and review the elementary operations via 
a treatment of rational numbers; real 
numbers to be considered as decimals 
after a discussion of representations of 
rational numbers. (2) Use _ vectors 
(plane) in analytic geometry and intro- 
duce notions of vector spaces and linear 
independence. (3) Discuss continuity at 
an early stage and emphasize the intrinsic 
properties of functions. (4) Teach the 
properties of trigonometric functions in 
connection with a study of functions in 
general. 

Since a guiding principle was to teach 
less but more thoroughly it is apparent 
that some rearrangement or deletion is 
necessary if the above specific proposals 
are to be followed. There are various 
ways to resolve this dilemma but cer- 
tainly some of the classical material 
could be deleted. For example, the dis- 
cussion of the conic sections might well 
be abbreviated, while the solution of tri- 
angles should be cut to a minimum. Of 
course some time would be gained by sub- 
suming the study of the trigonometric 
functions in the general theory of fune- 
tions. More important is the fact that 
since continuity (and perhaps beginning 
of caleulus) would be covered in the 
freshman year it would be most natural 
to defer all of solid analytic geometry to 
the calculus course where it often has to 
be repeated anyway. 


A Proposal 


In conclusion, I would like to make a 
proposal for consideration by both mathe- 
matics teachers and engineers. It is a 
familiar observation that a large propor- 
tion of engineering students are not ma- 
terially benefited by any mathematics be- 
yond the most elementary calculus. Such 
students, and they are not necessarily in- 
ferior, might be described as those pri- 
marily interested in engineering prac- 
tice, that is, design, production and sales. 
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They are chiefly attracted by the final 
engineering product and may be found in 
all fields of engineering. On the other 
hand there is a sizeable group of students 
who may be said to be interested in engi- 
neering theory. It is proposed, there- 
fore, that in the sophomore year the engi- 
neer begin to exercise an option, those 
with theoretical inclinations, or being un- 
decided, to take a strong calculus course, 
the remainder to take an abbreviated, 
terminal course. Those taking the abbre- 
viated course would, of necessity, concen- 
trate in their upper class years on design 
and production while those taking the 
longer course could continue in either the 
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Such a 
procedure would aid the teachers of both 
mathematics and engineering by present. 
ing them with more homogeneous classes, 

_ Because of this probable salutary effect, 
a two-channel system seems to deserve 


direction of theory or practice.’ 


serious consideration. I do not belieye 
such a program would tend to lower 
standards in either mathematics or engi- 
neering, but quite the reverse, as it would 
permit solid instruction to precisely thos 
students who are most interested in the 
particular course content. 


3 Naturally some revision of the engineer. 
ing curriculum is involved too, but this is 
another story. 
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Graduate Training of Teachers of English 


for Engineers 


By W. GEORGE CROUCH 


Professor of English, University of Pittsburgh 


Any program for the training of teach- 
ers of English for engineering students 
must be based on a realistic appraisal of 
existing conditions. Although much suc- 
cessful teaching of English for engineers 
is being done, the preparation of teachers 
for the important work of making our 
future engineers articulate and increasing 
their interest in literature and the human- 
ities has generally been by trial-and-error 
procedure. As a result, we have had a 
few outstanding teachers and too many 
who have never risen above mediocrity. 


Difficulty of Obtaining Suitable Faculty 


One reason for this state of affairs is 
that colleges and universities have found 
it difficult to get the right kind of men 
for the job. I believe that I am safe in 
saying that the average teacher of English 
prefers to work with English majors and 
liberal arts students rather than with pre- 
professional students. During his work 
inthe graduate school, he has been trained 
in scholarly methods. He has usually had 
courses in philology, Old English and 
Middle English, seminars in English and 
American literature, and specialized study 
of at least some of ,the great literary 
figures of the past. He has been shown 
how to collate manuscripts, edit texts, 
write competent introductions to texts, 
make glossaries, and use bibliography. 
After his graduate training, he is eager 
to communicate at least some of his hard- 
earned knowledge to advanced students 
—preferably to other graduate students 
in English. 

The young Ph.D. probably realizes that 
he will have to go through a period of 
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apprenticeship before he will be admitted 
to a graduate faculty. His ideal of ul- 
timate success is usually to belong to such 
a faculty and to publish monographs and 
articles in the area of his special interest. 
He also hopes to teach elective courses— 
courses which will allow him to broaden 
and enrich his understanding of the pe- 
riods and figures of literary history which 
attract him. During his apprenticeship, 
he will probably have to teach some Eng- 
lish composition to engineers or other pre- 
professional students, but he will tend to 
look upon this part of his schedule as 
necessary drudgery until he has made his 
mark by publication. 

Rewards for teachers of English do not 
come by way of the monthly check, for 
salaries are usually only moderate. The 
teachers’ greatest rewards stem from their 
opportunity to work in their chosen field 
and to communicate their scholarly en- 
thusiasm and methods to young people 
who have interests in harmony with theirs. 
Few men, therefore, consider making a 
career of teaching English to engineering 
students. Many of them look upon such 
teaching as academic suicide. 

The young teachers who, whether by 
accident, or choice, are assigned schedules 
made up only of sections of engineers 
soon find that they have lost caste with 
their colleagues in the Department of 
English. These colleagues tend to look 
upon them as inferiors, or they offer their 
sympathy, or they gloat because they are 
assigned liberal arts students while their 
hapless brothers have to wrestle with the 
problems of the engineers. Because of 
this attitude—implied or openly expressed 
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—the young teacher of English begins to 
regard his sections of engineers with dis- 
taste. His teaching becomes a task in- 
stead of a joy. And he aims to get out 
of such a situation as soon as he can. 

Teachers of English in other institu- 
tions are also likely to consider the man 
who directs “English for engineers” as an 
unfortunate being. They feel that per- 
haps he is unable to meet the competition 
in his field; otherwise, he would not be 
restricted to the rather elementary job of 
handling only engineering students. 

If the instructor of engineers takes his 
work seriously and enthusiastically, he 
will have to spend so much time in prep- 
aration and the marking of papers that 
he may be forced to neglect research. His 
classes are most likely to be in composi- 
tion. They will not lead him to do broader 
reading in such traditional subjects as 
Elizabethan literature or Milton. Cer- 
tainly, the opportunity to do research in 
language or literature is not so great if 
the teacher has to devote himself to the 
problems of the engineering student as it 
would be if he were dealing with English 
majors or advanced students in the Col- 
lege. And most administrators demand 
that their staff publish frequently as a 
prerequisite to promotion. 


Attitudes of Administrators 


College administrators may—and often 
do—regard teachers of English for en- 
gineers with some suspicion. They may 
question the versatility of a teacher who 
is limited to such a narrow field. They 
may promote him more slowly than they 
promote his colleagues. They may use his 
restricted kind of teaching as an excuse 
for keeping his salary at a lower level 
than that of men who do the more spec- 
tacular work in the Department of English 
—the men who lecture to 200 students in 
a Shakespeare course or those who attract 
large numbers by their brilliant exposition 
of the Romantic poets. 

These attitudes are more common in 
liberal arts colleges and universities than 
they are in the technical institutes. De- 


partments of English in such institutions 
exist chiefly for the engineers, and teach- 





TRAINING OF TEACHERS OF ENGLISH FOR ENGINEERS 


ers in departments of this sort know that 
they will be judged mainly by the effec. 
tiveness of their work with technieal 
students. 

In the liberal arts colleges and uni- 
versities, moreover, it is not always pos. 
sible to get the best men in English to 
teach engineers. Some English depart 
ments send only their very young teach- 
ers—the graduate assistants (sometime 
called lecturers) and instructors—to do 
this kind of work. Sometimes they de 
mote unsatisfactory men by making them 
teach the engineers. Sometimes, if they 
cannot give their promising young teachers 
quick advancement, they use them in en- 
gineering service courses only until they 
can place them advantageously in the more 
specialized English courses in the College, 
As a result, a large number of English 
teachers are either not in sympathy with 
the aims of engineering students and 
engineering education, or they resolve they 
will make the best of a bad situation until 
they can be given teaching more to their 
liking. In any event, the engineering 
student suffers. 

Most deplorable, too, is the fact that 
this kind of English-teacher never bothers 
to acquaint himself with the work the 
future engineer will be called upon to do. 
He neither understands his _ students’ 
problems nor their technical vocabulary. 
He is indifferent to their needs. Quick 
to perceive such a situation, the student 
himself builds up an antagonism toward 
his English teacher. He is hardly to be 
blamed if he considers that he dwells in 
a world apart, and that English as 4 
study is far removed from his interests as 
an aspiring engineer. 


Solutions to Problem 


What can be done about this problem! 
First of all, colleges of liberal arts and 
universities should strive to employ men 
who have had training in both engineer- 
ing and English as teachers for engineer- 
ing students. Such men will have much 
in common with their students, for they 
will be men who have taken a general en- 
gineering course and who will also have 
demonstrated their skill in expression and 
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their knowledge of literature. Having 
had engineering training themselves, they 
will know the language of the engineer. 
This will enable them to read his work 
with understanding. They will also be 
able to sympathize with his aims. They 
will have, too, some knowledge of what 
engineering education attempts to do. 
Men of this caliber have done distin- 
guished teaching at the University of 
Pittsburgh. Three of our young men who 
teach English to engineers have degrees 
in engineering. All of them have had at 
least one year of graduate work in Eng- 
lish in addition to a minimum of eighteen 
eredits in English which they took as 
undergraduates. They make enthusiastic 
instructors of engineers because they are 
devoting themselves to the kind of teach- 
ing which they like. Although they know 
they may never teach such courses as the 
history of English drama or seventeenth 
century poetry and prose, they are satis- 
fied. Their aim is to help the engineer 
express what is within him and to give 
him a social-humanistic point of view. 
Yet we do not have in Pittsburgh—or 
anywhere else, for that matter—the kind 
of graduate training in English which 
will help them to prepare themselves most 
efficiently for this highly important task. 
If we are to train the right kind of 
men as instructors for engineers, we must 
set up a different sort of graduate pro- 
gram in English. I am by no means sug- 
gesting the complete elimination of our 
traditional graduate training in language 
and literature. The man who is to deal 
with engineering students, for instance, 
should have a detailed knowledge of the 
history of the language. Unless he under- 
stands its growth and structure he will 
be handicapped in the classroom. Yet 
he will not need as many courses in phi- 
lology as the man who expects some day 
to direct graduate students. The teacher 
of English for engineers should have a 
comprehensive background in literature, 
but he need not spend as much time on 
research problems as the man who in- 
tends to make literary research a primary 
goal or who will have to expound meth- 
odology to graduate students. The future 
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teacher of engineers should be compara- 
tively free from courses which would aim 
to teach him textual criticism or editing. 
Instead, he should be required to have 
a broad reading background in English 
and American literature and a sensitive 
appreciation of literary values. He should 
know the important writers thoroughly. 
And he should also be well acquainted 
with contemporary literature, for his en- 
gineering students will be vitally inter- 
ested in the literature of their own time. 
If the teacher himself is ignorant of that 
literature or has only a superficial ac- 
quaintance with it, he can not expect 
his students to respect his professional 
aptitude. 

This kind of graduate training should 
emphasize the production of teachers 
rather than research scholars. There 
should be at least one seminar devoted to 
a discussion of teaching and its tech- 
niques. The future teacher should know 
how to communicate his knowledge most 
effectively. This means that time should 
be spent on the methods of teaching com- 
position and literature. A seminar aim- 
ing to do this should be conducted by the 
most successful instructors of English for 
engineers. 

To supplement work in this seminar, 
students should observe experienced teach- 
ers of engineers. Beginners can learn 
much from seeing successful teachers in 
action. And they should have a chance 
to talk over teaching methods and de- 
vices with the older men. The give and 
take of free discussion will help the sea- 
soned professor as well as the neophyte. 


Good Teaching Traits Are Most Essential 


But merely knowing techniques and ob- 
serving older teachers will not be enough 
to guarantee that the graduate student 
should, upon receiving his degree, be 
turned loose in the classroom. During 
his graduate training, he should be al- 
lowed to do some actual instructing. 
Each supervisory professor should have 
two or three graduate students to direct. 
Several times during a term he could turn 
over a lecture or a discussion period to 
one of his students. It should be his duty 
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to observe the student carefully, to note 
what he does best, to catch weaknesses 
whenever they are apparent, and to talk 
over the results of his observations with 
the student-teacher. Above all, he should 
be able to judge whether the student 
demonstrates a sound background of 
knowledge, and enthusiasm and skill in 
communicating that knowledge. Sympa- 
thetic and helpful criticism would do 
much to produce the kind of teachers 
needed for engineering students. 

The supervisor should also be quick to 
detect the incompetent candidates. He 
should be firm enough to recommend that 
such people should not go on with grad- 
uate study leading to the instruction of 
engineers. If we are to have the kind of 
teaching which will be truly inspiring, we 
must set up a system which will prevent 
the unfit from using the profession as an 
easy way to make a living or as a step- 
ping stone to another and perhaps more 
lucrative career. 

It would be well, too, if candidates could 
be brought into contact with teachers of 
engineering subjects. Such teachers could 
oceasionally be invited to the seminar 
dealing with methods. They might out- 
line their aims and their own teaching 
devices. In this way, the future teacher 
would be broadened in outlook and would 
also be made to feel that the faculty of 
the School of Engineering has an in- 
terest in him. 

I hope I have not given the impression 
that I want such graduate training to 
emphasize methods to the extent they are 
stressed in Schools of Education. I am 
convinced that a deep insight into sub- 
ject matter is more important by far than 
methods of presentation. The excellent 
teacher will have his own inimitable 
method. The tyro, however, can be aided 
materially during his early years by know- 
ing what devices have proved successful 
and by being forced to think for himself 
about the best ways to communicate to 
others what he knows. The actual study 
of methods should never be permitted to 
assume primary importance in any grad- 
uate program for teachers of English for 
engineers. 
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Implications of Such a Program 


A program of the sort outlined would 
be expensive. The English teacher with 
engineering training would have to be 
paid more adequately than our present 
group of English teachers for engineers. 
The salary scale applicable to his work 
would have to be that of the School of 
Engineering rather than of the College 
of Liberal Arts. He should be able to 
feel that no distinction is made between 
his usefulness and that of his engineering 
colleagues. 

Such a program would, I believe, give 
to engineering schools the kind of English 
teacher they have always wanted but 
have not often been able to obtain. He 
would have a live interest in engineer- 
ing as a profession because he himself 
would have an engineering background. 
He would be close to the interests of his 
students, and could command their re- 
spect because of his technical knowledge 
and acquaintance with their language. 
He would be a more efficient teacher of 
English because he could criticize intel- 
ligently the kind of writing which every 
engineering student has to do. 

Likewise, his specialized training in 
English language and literature would 
supplement his knowledge of technology. 
He should be able to show his students 
their obligation to be cultured and intel- 
ligent citizens as well as proficient engi- 
neers. He should be able to give them 
eatholicity of taste in reading, respect for 
exact use of language, and knowledge 
of how to handle those forms of writing 
applicable to the work of the engineer. 
His own comprehensive reading back- 
ground, general culture, and skill in teach- 
ing should make him an ideai to be 
emulated. And his alliance with the en- 
gineering profession should eliminate any 
diversity of aim between the teacher of 
engineering subjects and the teacher of 
English. Both would be working towards 
one goal: the shaping of men who will 
be intelligent citizens, conscious of their 
obligations and responsibilities to society 
first of all, as well as soundly trained 
engineers. 
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The Influence of Production Processes on Design” 


By EDWARD N. BALDWIN 


George Westinghouse Professor of Production Engineering, The Pennsylvania State College 


A designer has always been governed 
by the equipment and the process to be 
used in creating the part he is designing. 
The skillful Greek and Roman artisans 
were limited to simple stone and wood- 
working implements, while today we have 
many tools, processes, and materials from 
which to choose. The field has expanded 
so rapidly that the designer cannot expect 
to be sufficiently familiar with these proc- 
esses in order to use them effectively. 

The wide interest in the relationship of 
processes, materials, and design is shown 
by the volume of current articles avail- 
able in such publications as: Machine De- 
sign, Product Engineering, Materials and 
Methods, and Mechanical Engineering; 
and in books such as Roger W. Bolz’s 
book, Production Processes and Their In- 
fluence on Design, and The Tool Engi- 
neer’s Handbook. 

Since information on this subject is 
practically limitless, our discussion will 
he confined to: (1) a few examples of 
specific processes to illustrate their influ- 
ence on design, or the design’s influence 
on the process and the evident principles 
and reasons for their use; (2) a consider- 
ation of these processes from the view- 
point of training engineers to consider 
their possibilities in reference to their de- 
signs; and (3) some fundamental princi- 
ples which often occur in similar proc- 
esses. 


The Designer 


The designer of today controls the pro- 
duction of his part by issuing manufac- 
turing specifications based on drawings. 


*Presented before the Mechanical Engi- 
neering Division at the 57th Annual Meet- 
ing of the ASEE, Troy, New York, June, 
1949, 
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The relation of equipment and processes 
to design is illustrated by the drawing of 
a part. This drawing controls equipment 
and the processes required to make the 
part; the form of the part determines 
whether it is to be bent, drawn, stretched, 
or rolled; the machining specifications on 
the drawing determine the kind of ma- 
chining—drilling, milling, boring, broach- 
ing, or grinding; and the material de- 
scription determines the form of raw ma- 
terial—casting, forging, or bar stock, 
which in turn determines the selection of 
the fabricating processes. 

Thus, a designer cannot effectively de- 
sign a part unless he knows how the part 
is to be made. The effective designer 
must have a knowledge of the cost of ma- 
terials and processes and equipment and 
their advantages and limitations, such as 
tolerances and range of sizes. He must 
use ingenuity in their application and 
have a thorough knowledge of the prin- 
ciples underlying a wide range of ma- 
terials, processes, and equipment. When 
all the processes in industry are surveyed, 
it is apparent that it is impossible for 
the engineer to know the entire field. 
However, it is profitable to understand 
the underlying principles and possibilities 
of some of the processes and materials 
which can be applied to the parts created 
in the design. The methods and pro- 
cedures for analyzing the processes and 
materials and determining the suitability 
of their application to the design can be 
used by the designer in any industry. 


Stress Strain Diagram 


The stress strain diagram is familiar to 
every engineer and therefore it is used 
as an example of how fundamental infor- 
mation can be used to understand and il- 
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lustrate the relationships of materials to 
processes and design. These related fac- 
tors—when known—provide an insight 
into the reasons for the performance of 
material during the process. The produc- 
tion engineer who understands and uses 
this type of fundamental information is a 
more effective designer. 

The Material Testing Laboratory may 
be used as an example of how closely re- 
lated factors can be used with greater ef- 
fectiveness by the designer. The first test 
usually made in a Materials Testing Lab- 
oratory is a tensile test. From the test 
data a stress strain diagram may be 
drawn. The shape of the curve indicates 
the elastic limit, the yield point, the maxi- 
mum and the ultimate strengths, which 
ean be found in various handbooks and 
standard data. However, let us look at 
the additional facts that can be learned 
from a stress strain diagram concerning 
processes and their use in design. In Fig. 
1, Curve (1), it is known that if the load 
is released at any point on the curve be- 
fore the material breaks, the points will 
take a path back to zero load on the 
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straight portion of the curve, or essen- 
tially parallel to the straight portion of 
the curve if the load is released on the 
curved portion. The latter condition 
shown by Curve. (2) will indicate to the 
engineer that the material cannot return 
to its original state and we say that it has 
a permanent set. He will see that if the 
load is reapplied, the points will fall on 
the dotted line, Curve (2), until the curved 
portion of Curve (1) is reached again and 
continues on Curve (1). Thus, we have 
different physical characteristics in ma- 
terial indicated by Curve (2). The elastic 
limit has been increased. By using the 
same factor of safety, the material can be 
designed into a part requiring greater ap- 
plied loads. 

Instead of plotting the total load in 
pounds alone, suppose he is asked to plot 
the load per square inch of the actual 
area. The results of some tests indicate 
that the load then would approach a 
straight line Curve (3). These straight 


lines, Curves (2) and (3), serve the pur- 
pose of illustrating what occurs in a cer- 
tain group of processes. 


Can the reader 
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name and describe the processes of manu- 
facture illustrated by the test? Such a 
study will bring clearly to mind the rela- 
tion of stretching to the various types of 
manufacturing processes. These processes 
would include draw-, bench-, and roll- 
straightening; stretch forming sheets, 
bars, angles, pipe, and wire; stretcher- 
levelling sheets; and the drawing of 
angles, hexagons, squares, and rounds. 

Important operations within industries 
use this principle to straighten and 
strengthen parts. For example, the wire 
which passes through the glass portion of 
the radio tube is of a composition differ- 
ent from the wire supporting the ele- 
ments within the tube. A machine has 
been developed to butt weld firmly to- 
gether these fine wires, made of two dif- 
ferent materials, stretch the wire after 
welding to give a straight, strong, and 
stiff wire and then cut the wire to the 
proper length. This operation can be 
seen in any lamp or radio tube manufac- 
turing shop. 

The A. O. Smith Corporation took the 
leadership in oil and gas pipe manufac- 
ture through their development of equip- 
ment to make pipe that was straight and 
round, and stronger per pound of ma- 
terial than any other make. The funda- 
mental principle of stretching is used in 
the final operation. After the plate is 
trimmed to size, formed, flash welded, and 
the welding flash trimmed, it is placed 
into a steel cylinder having the required 
inside diameter. End plates are placed 
on each end and the pipe is filled with 
water. Then a high hydraulic pressure 
is applied and the pipe is forced to the 
size of the cylinder afd thus stretched to 
size, straightened, tested, and strengthened 
all in one operation. 

In the future, the young engineer may 
have a part which requires more strength 
or straightening, and if he remembers the 
principle of drawing and stretching in the 
testing laboratory, he may be able to solve 
a difficult design problem. 

The effects of cold working or cold 
drawing can be illustrated by partially 
sawing or machining a cold-drawn bar 
and noticing how the bar distorts. The 
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release of internal strains is the answer to 
why this distortion occurs, and will ex- 
plain the behavior of many materials 
when machined or processed. Through 


_ such analyses the production engineer will 


soon acquire the ability to picture in his 
mind what occurs within the material dur- 
ing the various processes. The use of rub- 
ber, plastic material, stress points, and 
gages in the experiments with models en- 
ables the production engineer to solve dif- 
ficult problems and obtain an efficient and 
economical design. 

Let us consider the diagram under 
Curve (1), Fig. 1, as a whole and note 
that there are three main areas which are 
related to design and manufacturing 
processes : 


First Area 


The first area to consider is under the 
straight line portion or the elastic range 
of the material. In this area the student 
uses the theory of mechanics, strength of 
materials, machine design, graphical anal- 
ysis, safety factors, and fatigue. Parts 
are designed within the scope of this first 
area so that they will not distort and fail 
in service. There are very few processes, 
such as press and shrink fit, that work in 
this area under the straight portion of the 
curve. When designing in this area, often 
the engineer makes the error of giving 
very little thought to the second area 
wherein the material is strained beyond 
its elastic limit during manufacture. 


Second Area . 


When the part is designed and detailed 
on the drawing, it is turned over to the 
men of the manufacturing department, 
who determine the means of forming and 
machining the part. The work under the 
second and third areas of the curve. This 
curved portion of Curve (1) is of extreme 
interest to the manufacturing engineer 
and it should have the same interest for 
the design engineer. The shape of the 
curved portion of the material curve indi- 
eates how the material will perform in 
the various types of forming processes. 
A steep Curve (4) indicates work harden- 
ing with resulting poor bending, d:awing, 
and forming qualities. The material will 
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require frequent annealing to prevent 
cracking and straightening after forming 
because of excessive spring back. The 
shape of Curve (5), on the other hand, in- 
dicates a yielding material which would 
be excellent for drawing and forming. 


Third Area 

The third area is between the maximum 
load and the breaking point of the ma- 
terial. Machining and shearing operation 
characteristics are indicated by this area. 
Curve (6) for cast iron indicates a ma- 
chining condition different from Curve 
(1) for low-carbon steel. When a ma- 
terial is machined, each particle goes 
through a similar path—first strained 
within its elastic limit, then stretched be- 
yond its elastic limit, and finally broken 
off. Curve (6) for cast iron has no eurved 
portion, indicating that the machining 
would be brittle. In contrast, the length 
of Curve (1) for low-carbon steel indi- 
cates that the machining characteristics 
would be tough and stringy. 


The Test Laboratory Can Illustrate 
Theory and Practice 


Coming back to the test laboratory, it 
can now be seen that the tensile-testing 
machine can illustrate the fundamental 
principles underlying the forming proc- 
esses and why and how the materials react 
to these processes. The same testing ma- 
chine could be adapted to illustrate deep 
drawing, bending, spring back, wire draw- 
ing, straightening, stretch bending, cold 
upsetting, coining, stretcher leveling, the 
effects of annealing, and other forms of 
heat treatment. 

A material-testing laboratory could be 
set up on a straight-line basis. The stu- 
dent could start with a set of samples of 
the same material, putting each piece 
through a different process, including heat 
treatment, and measuring the effect on 
hardness, tensile strength, elastic limit, 
ductility, and, at the same time, could 
study flow of the material. He could ob- 
tain relative values of machinability, work 
hardening, and fatigue strength; check 
the parts with magniflux and X-ray; make 
a notch and fatigue test; compare shear- 
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ing strengths, and use stress paints. By 
studying one material thoroughly, such as 
a particular grade of steel, his insight into 
the relations of the process to the ma- 


terial and its composition could be well 
understood. Comparative demonstrations 


on other materials could be made by the 
instructor to illustrate how these materials 
would fit into the processes. 

The instructor could constantly call the 
student’s attention to what is going on in- 
side the material as it is being processed 
on the laboratory equipment. For exam- 
ple, the answer to the question—why the 
stretch bent part does not spring back but 
takes the exact form of the die—can he 
explained by the stress-strain diagram 
and an analysis of the stresses within the 
member as it is bent and then stretched. 
The visualization of the stresses within the 
increments making up the whole part can 
be revealed by the analytical approach to 
the problem. The approach used in soly- 
ing any engineering problem of stretch 
bending can be applied to any process 
that stretches the material. Thus the stu- 
dent would be vitally interested in strength 
of materials courses because he could see 
the principles used in industry. 


Competition Between Processes and 
Materials 


There is no one best process or material. 
The choice of processes or materials de- 
pends upon many factors which vary 
from day to day. The most economical 
material and process may be chosen to- 
day; and tomorrow changes in the cost 
of labor or material, quantity to be manv- 
factured, or equipment will make it eco- 
nomical to manufacture the part from an- 
other material or by a different process. 
There is intense competition between 
processes; and when the engineer chooses 
his materials and process, he must be sure 
the choice is the most economical in the 
long run, or competition will forge ahead. 
Cast steel vs. steel forgings, plastic parts 
vs. die-cast parts, stamping vs. castings, 
precision casting vs. machining and grind- 
ing, milling vs. broaching, turning 1. 
grinding, welding vs. casting, all illustrate 
such competition. The extent of the engi- 
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neer’s knowledge of materials and proc- 
esses determines the value of his judg- 
ment in deeiding how to make the part. 
Therefore he should be alert to every form 
of information available. 


The Value of Equipment and Processes 
in Relation to Design 


The importance of the influence and 
value of processes and equipment can be 
illustrated by the induction motor. Fig- 
ure 3 shows the reduction in weight and 
size of a 5-hp. motor over a period of 60 
years. It can be seen that very little 
progress in the reduction of weight 
(68%) and size (11.5%) has been ac- 
complished in the last 17 years. There- 
fore, there was not much chance of reduc- 
ing costs by reducing the amounts of the 
same materials. Any reduction in cost 
had to come from improvement in the 
processes and equipment used in the 
manufacture of the motor. When the 
processes and equipment are improved on 
the new silicone motor, which uses new 
material, prices also will come down. The 
Westinghouse Life Line Induction Motor 
is an excellent example of the close co- 
ordination of the process of manufacture 
with design. The manufacturing and de- 
sign engineers made many improvements 
in the detail parts, but two outstanding 
savings were made in assembly. Though 
assembly is not ordinarily considered as 
a process, it is a most lucrative field for 
cost reduction and is controlled by the 
designer to a great extent. 


INFLUENCE OF PRODUCTION PROCESSES ON DESIGN 





319 


1. The assembly of a motor was simpli- 
fied by reducing the number of parts 
necessary to make the many combi- 
nations required by the customer. 
There are more than 30,000 standard 
combinations of a 5-hp. motor that a 
manufacturer has to supply. For- 
merly 2800 parts were required to 
build these combinations, but through 
the cooperation of the designer and 
manufacturer, the number was re- 
duced to only 126 parts. 

2. The manufacturing and design engi- 
neers, by combining theory and shop 
practice, adopted an improved shape 
of slot to hold the stator windings 
and enabled the windings of a 5-hp. 

» motor to be assembled in 14 hour as 
compared with 214 hours on the pre- 
vious designs. 

3. The assembly costs were reduced and 
performance was assured by the use 
of precision processes and strict con- 
trols to obtain accurate sizes of parts 
at a few vital points. For example, 
the precision boring of the ball bear- 
ing housing assured the successful 
application of anti-friction bearings. 
(The subject of process control and 
its influence on design is worth eare- 
ful consideration. ) 


The story of the Life Line Motor is an 
excellent case history illustrating the value 
of the influence of processes on design, or 
design on processes; it is hard to deter- 
mine which came first. 


Sranparp 5 HP. Inpuction Moror 

















Difference Difference Cost to Customer Index 

Year Weight Diameter 

Lbs. % In. % es = 
1897 | 1000 lbs. 30 in. 
1900 640 Ibs.| 360 36% 21 in. 9 30% 
1905 210 lbs.} 430 67.2% | 15 in. 6 28.5% 
1914 59 86.5 68.1 
1930 147 lbs. 53 25% 13 in. 2 13.5% 69 80.0 86.4 
1945 66 62.8 105.8 
1947 137 lbs. 10 6.8% | 11} in. 14 11.5% 101 66.8 151.8 
1949 106 65.0 162.0 
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Siticonse InsutatTeD 5 HP. Inpuction Moror 


Glass and silicone insulated motor using high temperature grease in ball bearings illustraty 
Their cost is high because time has not permitted th 


the influence of change in materials. 
complete development of the various processes. 
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1949* | 90 lbs. 47 33.6% | 93 in. 























2 | 17.4% 





* These are conservative figures. 
expensive to justify the smaller frame. 


MATERIAL AND LaBor Costs 
1939 vs. 1948 


It is possible to obtain 73 hp. in these sizes, but labor is ty 





In spite of increased costs engineers have made improvements in design and processes ani 
used them effectively to give the customer more value. 


The hourly rates of employees are 


Material cost 
Sales price of product 
Profits per sales $ 


Teaching Processes 


Processes become simplified when ap- 
proached from the viewpoint of the de- 
signer. The history of development, the 
various types, styles, and makes of ma- 
chines and how they are operated become 
incidental. The young engineer needs to 
know the operation performed, the range 
of sizes and capacity, previous and sub- 
sequent operations, the cost of operations, 
the extent of skill required, the quality 
achieved, and the ability to maintain the 
quality desired. He should see the prin- 
ciple of the process used to enable him to 
visualize its application to his designs. 
The best possible instruction can be given 
through a visit to a plant where the oper- 
ation can be observed. The design of a 


1948 
190% 
176% 
138% 

5.7¢ 


1939 
100% 
100% 
100% 

6.9¢ 


part made by the plant could be given 

a problem; and, after the students har 
selected the material and the process, the 
could then-observe the actual manufag 
ture and possibly discuss the part wi 
the production engineer in the company, 


Conclusion 


This co! 
lesigned t 
hitiating 
heir camy 


In conclusion, the close relationship dpeeri 
production processes, materials, and dep 
sign should again be emphasized. Clasthire 


laboratory, shop, and case history instru 
tion should keep this relationship befo 
the students at all times. When the sti 
dent uses the information on process# 
and materials in creating his design, ¥ 


usually becomes interested and pursuép 


his design problems with enthusiasm. 
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cesses ani : 
Your Committee has been encouraged 


by the substantial progress made in the 
ndustrial safety field by engineering 
schools in the past five years. A great 
step forward was the Conference of Engi- 
neering College Administrators and Pro- 
essors held at Georgia School of Tech- 
mology in August of 1948. 

q This conference at Georgia Tech was 
cess, thefiesioned to assist engineering schools in 
manufat nitiating action on industrial safety on 
wittheir campuses and to make a start on 
‘Bie inclusion of work on accident preven- 
fon in their curricula. Sponsored by the 
ommittee on Cooperation with Engi- 
peering Colleges of the American Society 


‘Which had been carefully prepared by 
he Committee. Seventeen engineering 
“a thools participated in this conference, 
jeu of this number fourteen are now 
wplering courses in Industrial Safety and 
porting an active participation in this 
ork by their studentsa 

A second conference was held for Mid- 


Illinois Institute of Technology. 
renty-one schools participated in this 
ond conference, and although only a 





* Presented at a Conference of Industrial 
tygiene, Safety and Fire Prevention Com- 
ittee of the ASEE, University of Wash- 
igton, Seattle, Washington, June 22, 1950. 








stern engineering schools in May 1949 © 
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Progress Report on Accident Prevention 
in Engineering Schools* 


By JOHN J. AHERN 


Professor and Director, Fire Protection and Safety Engineering 
Illinois Institute of Technology 


year has elapsed reports indicate that at 
least fifteen schools. are now offering 
courses in Industrial Safety and all re- 
port an active participation by the stu- 
dent body. 

A third conference was held at Texas 
A. and M. in January 1950. Although 
it is too soon to appraise the results of 
this last meeting, it was well attended by 
approximately fifteen engineering schools 
from the South and the South-West, and 
we expect good results from this section 
of the country. 

This program of conferences has made 
it clear that all engineering schools will 
see the need for some work in this field, 
not for the purpose of producing safety 
engineers but to prepare all engineers to 
meet the difficult safety problems pre- 
sented by modern technology. 

The work which has been done indicates 
that a sound program may be built by 
first establishing an elective course in the 
fundamentals of accident prevention for 
junior or senior students. As interest de- 
velops on the campus considerable atten- 
tion will be given to the integration of 
safety principles into other engineering 
courses. Some students, few in number, 
will be attracted to the field of safety 
engineering and a program leading to a 
M.S. degree can be substantiated. 

A resume of the work now going on in 
the schools participating in the first two 
conferences is listed below. 
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Texas A & M College 


University of W. Va. 


Alabama Polytechnic 
Institute 


University of Kentucky 


North Carolina State 
College 


University of Oklahoma 


University of Tennessee 


University of Miami 


Groraia TEcH CONFERENCE 


* Dean H. W. Barlow 


Prof. H. N. Cather, ° 
Head of Mechanical 
Eng. Dept. 


Prof. C. N. Cobb, 
Head, Dept. of 
Industrial Management 


Mr. O. W. Gard, 
Dept. of Mechanical 
Engineering 


Prof. D. E. Henderson, 
Head, Dept. of 
Industrial Engineering 


Prof. R. V. James, 
School of General 
Engineering 


Prof. Robert M. LaForge, 
Dept. of Industrial 
Engineering 


Prof. M. I. Mantell, 
Chairman, Dept. of 
Civil Engineering 





At present offering a three-hour Safety 
Course patterned after the ASSE out- 
line. 


At present offering a course practically 
the same as outlined in our pamphlet 
and listed as E.M. 117. Attendance 
in course averages about 25 and in- 
cludes students of various engineering 
departments. 


The three-hour Safety Course for Engi- 
neering and Management students 
which has been offered for a number of 
years has been adjusted in light of 
ASSE recommendations, and the time 
allotted per week has been increased 
to five hours. 


Now offer a Safety Course which 
carries two semester-hour credit on an 
elective basis. Endeavoring to expand 
the number of students and to have 
this course required for at least students 
in Mechanical Engineering. Also of- 
fering three courses in fire protection 
and integrating safety into tool design 
and machine design on a small scale, 


They are at present offering a three 
hour course similar to ASSE outline 
and the prospect is that an additional 
section will have to be offered each 
term. 


No course if offered at present, but 
several have been approved and are 
awaiting the availability of staff men. 


At present they have a course similar to 
ASSE outline which is being taught in 
the regular sessions and required for 
graduation in the Industrial Engineer- 
ing curriculum. However, other engi- 
neering departments have contributed 
about one-half the enrollment. A 
similar course has been taught using 
the ASSE outline in Extension, at 
several points in the Univ. of Tennesset 
area. A faculty safety committee has 
been appointed to check hazards and 
working conditions. 


Many immediate problems arising out 
of the development of this relatively 
new engineering school have delayed 
plans for their separate safety courses. 
Safety Engineering lectures are being 
included in C.E. 410, Contracts and 
Specifications, which Prof, Mantell 
presently teaches, 
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Purdue University 


University of Illinois 


Missouri School of Mines 


Iowa State College 


Clemson College 


University of Nebraska 


University of Cincinnati 


Rose Polytechnic Institute 


Northwestern University 


4 


University of Louisville 
Speed Scientific School 


University of Kentucky 


University of Akron 
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Dean A. A. Potter 


Prof. M. A. Parker, 
Head, Dept. of 
Mechanical Engineering 


Prof. D. R. Schooler, 
Department of Mining 
Engineering 


Prof. J. K. Walkup, 


Head, Department of 
General Engineering 


Prof. F. C. Mills 
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Offering a three-hour course which has 
been adjusted following ASSE outline 
to accommodate the Engineering and 
Management students from the course 
which they have offered for a number 
of years in the past. 


Basic safety course is presently being 
offered. 


Offering a basic safety course. 


The Industrial Safety Course has been 
modified so as to be similar to the ASSE 
outline. The principal exception is the 
inclusion of six sessions on Workmen’s 
Compensation and Safety Laws and the 
insurance of employers’ risk under 
theselaws. Some integration of Safety 
has occurred in designed courses in EE, 
ME, and CE, as well as the IE Plant 
Layout Course. 


No report. 


Inuinois TECH CONFERENCE 


Prof. Niles H. Barnard, 
Chairman, Mechanical 
Engineering 


L. B. Chenoweth, M.D., 
Director—Dept. of 
Hygiene 


E. H. Eckerman, 
Asst. Prof., 
Mechanical Engineering 


Stanley J. Seimer, 
Instructor—Industrial 
Management Dept. 


H. H. Fenwick, 
Associate Prof., 
Mechanical Eng. 


Oliver W. Gard, 
Instructor—Dept. of 
Mech. Eng. 


Fred 8. Griffin, 
Head, Mech. Eng. 
Dept. 


Offering a three-hour course in Safety 
Engineering for senior engineering stu- 
dents. Present enrollment of 37 in- 
cluding several business administration 
graduate students. 


Dean of College of Engineering is con- 
sidering offering a basic safety course. 


No report of activities. 


Some use has been made of safety ma- 
terial in other courses. No basic 
course has been offered. 


No report of activities. 


Offering three courses in fire protection 
—2 semester hours each—also one 
course in industrial safety—2 semester 
hours. 


Offering a two-credit hour safety course 
in the Industrial Management Division 
—also integrating safety in Mechanism 
and Machine Design courses. 
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University of Wisconsin 


University of Minnesota 


Fenn College 


University of Denver 


University of Chattanooga 


Purdue University 


Michigan College of 
Mining and Technology 


School of Mines & 
Metallurgy 
University of Missouri 


Wayne University 


Columbia University 


Illinois Institute of 
Technology 


Georgia School of 
Technology 





Engineering 


O. A. Hougen, 
Prof., Chemical 
Engineering 


J. L. Imhoff, 
Prof., Mech. Eng. Dept. 


Chester J. Kishel, 
Ass’t. Prof., 
Dept. of Mech. Eng. 


C. M. Knudson, 
Dean, College of 
Engineering; 

Prof. J. E. Baylor, 
In Charge of Safety 
Engineering Course 


Norbert Koch, 
Ass’t. Prof., 
Engineering 


O. D. Lascoe, 
Associate Prof., 
Manufacturing Processes 


George M. Machwart, 
Associate Prof. of 
Chemical Eng. 


D. R. Schooler, 
Assoc. Prof., Dept. of 
Mining Engineering 


Rex H. Schoonover, 
Asst. Dean—Engineering 


Wm. W. Waite, 
Assoc. Prof., 
Industrial Eng. 
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No report of activities. 


Offering an Industrial Safety Course as 
a part of the Industrial Engineering 
Sequence. 


Offering 3 hour course in Industria] 
Safety in Mechanical Engineering 
Dept. 


A one hour course in safety is required 
of all engineering students. This is 
followed by integration of safety in 
departmental courses. 


Offering a three-hour course in Safety 
in Industrial Engineering, Industrial 
Management and General Engineering 
at the senior level. Will probably 
break it into two courses soon. 


Offering a three-hour course in Indus- 
trial Safety averaging about 40 stu- 
dents each semester. 


Course was recommended but has not 
been offered to date. 


Offering one two-hour course in safety 
which is required for all mining engi- 
neers. Another two-hour course is an 
elective for all engineering students. 
In addition a three-hour advanced 
course is offered. 


No report of activities. 


Offering one three-hour course in In- 
dustrial Safety. 


Sponsorina ScHOOLS 


John J. Ahern, 

Prof. and Director, 
Fire Protection and 
Safety Engineering 


Wn. N. Cox, Jr., 
Prof. and Head, 
Dept. of Safety 





Offering a full four year program in 
Fire Protection Engineering since 1903. 
Offering a series of Industrial Safety 
courses for all engineers at junior and 
senior levels in addition to work in 
graduate school. 


Offering a series of Industrial Safety 
courses at junior and senior level for all 
engineers. In addition work is done in 
graduate school at M.S. level. 
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Ohio State University Paul N. Lehoczky, 


Chairman, Dept. of 


Industrial Eng. 


University of California J. H. Mathewson, 


at Los Angeles 


It is recognized that any such compila- 
tion must of necessity be obsolete as soon 
as it is released because there will be ad- 
ditional activity taking place in many of 
these schools. For additional informa- 
tion on safety courses you may obtain a 
copy of a summary compiled by the Na- 
tional Safety Council by writing to this 
organization at 425 North Michigan Ave- 
nue, Chicago, Illinois. 

The progress made specifically in En- 
gineering Colleges is due to a great ex- 
tent to the outstanding work of J. C. 
Stennett, Chairman of the Committee on 
Cooperation with Engineering Colleges, 
American Society of Safety Engineers, 
and the close cooperation between the 
members of his committee and the mem- 
bers of the Industrial Hygiene, Safety 
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Lecturer in Engineering 
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Offering series of Iudustrial Safety 
courses for all engineers and also a 
graduate program at M.S. level. 


Integrated program in safety with both 
an undergraduate and graduate pro- 
gram. Specific Safety Courses are 
offered. 


and Fire Prevention Committee of the 
American Society for Engineering Edu- 
cation. 

We all know educational advancement 
comes slowly, and we have made an ex- 
cellent beginning in this rewarding new 
field that pays off in lives saved and in- 
creased efficiency in operation and pro- 
duction. There is much to be done to- 
wards improving our methods—but if we 
educators do our part it will not be long 
until aecident prevention becomes an in- 
tegral part of the background of all en- 
gineers. 

Respectfully submitted, 
JoHN J. AHERN, Chairman 


W. N. Cox, Jr. W. F. O’Connor 
G. H. Dunstan N. A. ParKeEr 
D. E. HenpDERSON J. K. Waxkup 














Helping the New Graduate Choose His 
Employment 


By D. W. McLENEGAN 


Staff Assistant, Technical Personnel, General Electric Company, 
Richland, Washington 


It is reported that over 4000 employers 
sought to hire the 32,000 engineering 
graduates of 1948. Some of these em- 
ployers wanted one or two men, others 
were looking for hundreds. They all 
wanted men who “had what it takes” but 
their individual needs, job requirements 
and opportunities varied widely. The 
list included manufacturers large and 
small, utilities, processors of raw ma- 
terials, contractors, service industries, 
government, and others. Some sought a 
man to fill an immediate job, others 
offered substantial training programs to 
orient young engineers before specific 
placement. 

Even before the war, conscientious 
professors and placement advisors were 
hard put to provide their students with a 
clear approach to these complexities of 
industry. Today the burdens of teach- 
ing are heavier, the graduating classes 
are often too large to permit intimate ac- 
quaintance with each student, and new 
industries are presenting new demands. 
How shall a counsellor give his boys a 
preview of industry, or help each one fit 
his talents to the right kind of employ- 
ment? 

In interviews with engineering stu- 
dents shortly before graduation, it is 
usual to inquire as to each man’s interest, 
and to try to uncover the reasoning back 
of his choice. The reasoning is often 
more significant than the student’s spe- 
cific choice, since his preferences will 
probably change as he gets better ac- 
quainted with industry. Naturally, the 
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interest of most students is linked closely 
to some product or study with which they 
are acquainted. The typical Navy vet- 
eran wants “communications” or “power 
plants,” in line with his experience. The 
younger student who missed war duty 
may want “gas turbines” if his courses in 
thermodynamics have aroused his interest. 

Only a few seem to have clearly in 
mind some function they would like to 
perform in any enterprise, be it “com- 
munication” or gas turbines.” Still fewer 
have given much thought to the qualif- 
cations needed in the various functional 
fields. Nor do they appear to realize 
that a few major job functions can be 
traced through many industries whose 
end products differ widely. 


Major Functions in Industry 


Here, then, may be an approach to 
simplified job counselling. We can post- 
pone any detailed comparison between 
the many specific jobs until the major 
functions of industry are clearly under- 
stood. A good mechanical engineer can 
be equally at home with gas turbine, 
diesel, or air conditioning development, 
since they all depend on the fundamen- 
tals of dynamics, thermodynamics, fluid 
flow and heat transfer. He does not 
need to choose his exact spot in advance. 
Likewise, the art of a good sales engi- 
neer, like that of the actor, goes beyond 
the specific product or vehicle. And the 
principle holds in the supervision of 
manufacturing; skill in human relations 
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and in evaluating business expenditures, 
plus a knowledge of fabrication proc- 
esses, can be focused on the specific prob- 
lems of almost any production process. 

We can therefore direct the young 
engineer’s attention first to the broad ac- 
tivities by which industries seek to earn 
a profit, and then to the principal quali- 
fications required of men in these activi- 
ties. Although these principal functions 
may be sub-classified in many ways, the 
major ones may be stated simply: 


1. Creation of useful new products or 
processes, and the improvement of 
existing ones. These are the real 
objectives of development and de- 
sign engineering. 

2. Production by processing or manu- 
facture, including responsibility for 
plant and production facilities. 

3. Marketing—including market analy- 
sis, sales planning, application and 
sale of products, installation and 
servicing,—the whole process by 
which products reach the user and 
are matched to his needs. 

4, Accounting and financial analysis of 
the operations listed above—a field 
which can use more men with com- 
bined technical and business educa- 
tion. 


These four headings are broad enough 
to cover the major functions, whether a 
company produces electric power, oil, 
chemicals, electro-mechanical products or 
offers and engineering service to others. 
Further headings might be added, such 
as patent law or employee relations; but 
most of the engingers who enter these 
fields do so only after some experience in 
one of the principal operating functions. 

Not all industries place equal emphasis 
on these various functions and their 
representatives may seem to present con- 
flicting evidence. A concern harvesting 
a natural product may not need to con- 
duet engineering development as exten- 
sively as does the manufacturer of highly 
specialized products. An engineering 
consultant dealing with technical and 
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“economic analyses may specialize in only 


one or two of these major functions in 
solving the problems of his clients. 

The concept of these few major fune- 
tions of industry should enable the’ young 
engineer to set up his own cheek list and 
to compare systematically the oppor- 
tunities offered by various companies. 
It should also dispel some of the mystery 
which arises from differences in terminol- 
ogy between companies. Call the activi- 
ties what you will, a producer must still 
devise his product or process, operate 
the process, and sell his output at a 
profit if he is to survive. 


Qualifications Sought by Industry 
Before comparing one detailed field 


‘with another, the student might consider 


the basic personal requirements common 
to many fields of activity. After all, 
each of the founder engineering societies 
draws its members from many fields of 
employment and from many specific oc- 
cupations; yet there is enough of common 
interest and qualifications to maintain 
and enlarge the membership. Most em- 
ployers would agree that the primary 
personal qualifications for any profes- 
sional position are character, ability and 
personality; beyond these, they may di- 
verge in their emphasis on detailed skills 
or experience factors. Initiative and 
persistence are, of course, implied. 

Among engineering students the writer 
sometimes meets the concept that design 
engineering is technical detail work— 
essentially drafting; and that sales engi- 
neering activity is principally contact 
work, with little emphasis on logical 
analysis or technical understanding. Let 
us examine these two fields, as encoun- 
tered in a large manufacturing concern, 
and determine their common points and 
their differences. 

An engineer engaged in product de- 
velopment and design needs a well-inte- 
grated knowledge of basic technical fields. 
Sound analysis must pave the way for 
creative engineering. But a career in 
the field of design also demands further 
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attributes of the engineer. He may soon 
have engineering responsibility for an 
annual output valued at several hundred 
thousand dollars. Even short of the 
supervisory level, he may control the di- 
rect spending of many thousand of 
dollars annually, through his use of the 
services of laboratory personnel, patent 
attorneys, and appearance designers as 
well as draftsmen, model builders, test- 
ers. He will have contact with other 
plants and with vendors from other con- 
cerns, in addition to dealing with the 
commercial, manufacturing and _ field 
service groups in his own plant. Much 
of his accomplishment will be by joint 
effort with others, and not as a lone 
worker. Evidently the growth of this 
man’s technical and creative ability must 
be matched by his economic and business 
sense, if he is to conduct his projects 
wisely. Also, he must develop skill in 
human relations, since much of his effec- 
tiveness will be determined by the co- 
operation he can enlist among his asso- 
ciates. 

Now consider this man’s counterpart 
in the marketing organization. Market- 
ing technique today is shifting rapidly 
from inspired guesses to the realistic de- 
termination of sales potentials, analysis 
of users’ requirements to guide product 
development, and a clear understanding 
of the problems of engineering and of 
manufacturing. Men headed for market- 
ing activities often are trained first in 
product development engineering and in 
the application and installation of prod- 
ucts. Here again is the requirement of 
sound technical ability. Many of today’s 
best sales engineers owe much of their 
success to the ability to analyze engi- 
neering problems without calling on the 
home office. Our trainee in marketing 


will advance only if he becomes compe- 
tent also in his personal relationships, 
the recognized forte of the salesman. 
Further, since commercial and industrial 





HELPING NEW GRADUATE CHOOSE EMPLOYMENT 


purchases are usually investments toward 
making a profit, he will need sound busi- 
ness judgment to see how the use of his 
products will benefit his customers. 

. So, either as development engineer or 
as sales engineer, our candidate must be 
well grounded technically, must develop 
an economic and business perspective, 
and must learn to work effectively 
through many personal contacts. This 
comparison can be extended to include 
the potential supervisor of manufactur- 
ing. The differences are mainly in rela- 
tive emphasis and personal interests, and 
only secondarily in basic qualifications. 
The young engineer of good character, 
mental ability and personality can get a 
start without trying to pre-select his 
exact niche in industry. 

As counsellors of engineering students, 
can we not save effort and extend our 
effectiveness if we direct their attention 
then to these few principal classifications 
of industrial activity and to the balanced 
qualifications which our students should 
seek to attain? If by avoiding the de- 
tails we can pass on to them these broad 
ideas, they should be able better to 
classify and integrate the impressions of 
industry gained through their studies, in- 
spection trips, lectures by industrial 
visitors and employment interviews. 

Considerations such as locality, family 
background, brief working experience, 
and the housing situation play a large 
part in the graduate’s choice of post- 
college employment. These factors, how- 
ever important, should not influence the 
choice too heavily since they tend towards 
decisions reached without adequate 
knowledge and experience. Our contri- 
bution to the young engineer’s choice can 
be a broad and therefore simple perspec- 
tive of the major functional fields which 
industry offers, and of the mental and 
personal qualifications which industrial 
employers seek for long-term develop- 
ment. 
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Acoustics in the Electrical Engineering Curriculum 


By GEORGE W. SWENSON, JR. 


Instructor in Electrical Engineering, University of Wisconsin 


In a good many engineering colleges an 
elective course in acoustics is available to 
undergraduate electrical engineering stu- 
dents, but in very few is such a course 
required, even of communications majors. 
In an elective course in acoustics, registra- 
tion is apt to be light because of com- 
petition from other specialized courses in 
communications and electronics whose 
practical applications are more apparent 
to the student. A large proportion of 
students, therefore, miss out on what could 
be a most useful and interesting educa- 
tional experience. 

Acousties is an old science, and one 
whose theoretical basis has changed re- 
markably little since the latter part of the 
last century, when the analytical methods 
still in use were perfected. Far from 
proving that the field has since been static, 
this fact indicates rather that the mathe- 
matical methods advocated by Lord 
Rayleigh and his contemporaries and 
predecessors were physically sound and 
of fundamental importance. Further- 
more, a great many other branches of 
science have profited by the results of 
early acoustical workers; for example, the 
detailed theory of selectromagnetic wave 
propagation in hollow conducting tubes 
was developed by Lord Rayleigh in 1897, 
using methods previously developed for 
acoustical analysis. 

Every branch of technology which in- 
volves wave-motion has mathematical 
methods in common with acoustics. In 
acoustics, however, the physical situation 
is usually easier for the student to ap- 
preciate than in most other fields. For 
example, the vibrating string with fixed 
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end supports is analogous mathematically 
to a cylindrical electromagnetic resonator 
operating in a simple mode, but in the 
case of the string the boundary conditions 
are more easily visualized than in the case 
of the resonator. Furthermore, in the 


_laboratory the student can actually see 


nodal points and standing waves on the 
string. Other analogies of this kind are 
too numerous to mention. A course in 
acoustics, therefore, taken as early as pos- 
sible in the student’s career, would enable 
him to master a number of important 
analytical techniques with a maximum of 
understanding of the various physical 
problems and a minimum of difficulty in 
formulating them into mathematical terms. 
His subsequent work in ultra-high-fre- 
quency techniques and in any other studies 
involving partial differential equations 
would thus be expedited, in that primary 
attention could then be directed to the 
physical considerations involved rather 
than to new mathematical techniques. 

A well-balanced course in acoustics 
should include treatments of lumped-pa- 
rameter mechanical and acoustical systems. 
Here the student can learn to appreciate 
the power and generality of the techniques 
he learned in his courses in cireuit theory. 
The study of electro-mechanical and elec- 
tro-acoustical analogies should be intro- 
duced in connection with both lumped and 
distributed-parameter systems, not only 
to provide a useful analytical method, but 
also to help the student understand the 
mathematical unity of various phases of 
physical science. 

A number of classical experiments in- 
volving vibrating strings, membranes, and 
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lumped masses, as well as acoustical tubes 
and lumped acoustical networks, can read- 
ily be adapted for lecture-room dem- 
onstrations. None requires elaborate ap- 
paratus, and each has the great advantage 
that the results can readily be observed 
without the use of complicated measuring 
equipment which might otherwise divert 
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attention from or obscure the basic phe- 
nomena being demonstrated. 

If the acoustics course is scheduled soon 
after the conventional course in differen- 
tial equations or engineering mathematics, 
the student’s appreciation of the utility 
of his newly acquired analytical tools will 
be greatly enhanced. 








ANNUAL MEETING 


MICHIGAN STATE 
COLLEGE 


June 25-29, 1951 


EAST LANSING, MICHIGAN 














Eng 
about 
are eé 
are gi 
faet \ 
when 
sored 
neerir 
Unive 

One 
specia 
teachi 
this s 
prima 
experi 
memb 
load 1 
to att 
typica 
receiv 
Midwe 
ing its 

Fea 
course 
sponst 


2. J 
attrac 
come | 

2. Ii 
—the 
cerned 

o 
teache 
cial s 
for be 
breedi 
variou 


In | 
mittee 
membe 
and sc 


c phe- 


d soon 
fferen- 
natics, 
utility 
Is will 














Teaching Teachers 


By LEONARD S. LAWS 


Assistant Professor of Mathematics and Mechanics, University of Minnesota 


Engineering instructors are concerned 
about the quality of their teaching and 
are eager to learn better methods if they 
are given the opportunity to do so. This 
fact was demonstrated forcibly last May 
when the North Midwest Section spon- 
sored a three day Short Course for Engi- 
neering Teachers on the campus of the 
University of Minnesota. 

One hundred sixty-five teachers made 
special arrangements concerning their 
teaching duties so that they might attend 
this short course. Since the course was 
primarily intended to help train the less 
experienced teachers, many senior staff 
members assumed the additional teaching 
load to permit their younger colleagues 
to attend. This generous gesture was 
typical of the cooperation the committee 
received from all members of the North 
Midwest Section in planning and present- 
ing its teacher-training program. 

Features which distinguished this short 
course from the usual training schools 
sponsored by the Society were: 


1. It was regional and thus was more 
attractive to the teachers in the lower in- 
come brackets. 

2. It was held during the academic year 
—the time when teachers are most con- 
cerned with instructional problems. 

3. It was aimed at all engineering 
teachers rather than instructors in a spe- 
cial subject matter field. This allowed 
for better perspective and for the cross- 
breeding of ideas between teachers in the 
various engineering departments. 


In determining its program, the com- 
mittee felt that the less experienced staff 
members needed an overview of teaching 
and so it chose the five general topics: 
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1. Determining teaching objectives. 

2. How people learn. 

3. The effective use of various teaching 
methods. 

4. The effective use of audio-visual ma- 
terials. 

5. Effective evaluation practices. 


One-half day was given to each topic. 


‘ Each topic was first presented to the en- 


tire group in general session by an au- 
thority on that subject and then various 
techniques were used to allow for the ex- 
change of ideas and experiences on the 
part of the participating members. 

After the speakers’ presentations of 
topies 1, 3, and 5 and their replies to 
questions asked from the floor, the group 
was sub-divided into small departmental 
discussion groups. Each group met in a 
separate room with its own discussion 
leader. These leaders were representa- 
tives from member schools of the North 
Midwest Section who were best qualified 
to lead such discussion groups in their 
own subject matter fields. 

Since psychology of learning was of 
interest to all engineering instructors re- 
gardless of subject matter taught, the 
group stayed in general session following 
the presentation of topic number two. 
The resource speaker was discussion 
leader during that period. Not only did 
this permit discussion across departmental 
lines but permitted further questioning 
of the resource speaker by individuals 
with special problems. Many partici- 
pants considered this particular presen- 
tation and discussion as the most pregnant 
topic in the program and indicated a de- 
sire to study it further. 

After the presentation of the topic 
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“The effective use of audio-visual ma- 
terials’ by the resource speaker, the 
Audio-Visual Education Service of the 
University of Minnesota exhibited selected 
materials in most of the engineering fields. 
These materials were listed in a timetable 
for the convenience of the participants. 
Each could arrange his own schedule for 
the remainder of that day. This gave 
each participant the opportunity of see- 
ing what was available in his own field or, 
if he so desired, he might cross depart- 
mental lines and learn something about a 
different engineering subject. The choice 
was left to him. 

The response to the short course leaves 
little doubt in the minds of the committee 
members that a similar type program 
would be appreciated by the instructional 
personnel in many other sections of the 
A.S.E.E. Many who attended this course 
have requested that it be continued as an 
annual event under the sponsorship of 
the North Midwest Section. A recom- 
mendation to that effect is being made by 
the committee. 

A program of this type is only justi- 
fiable if it actually inspires some of the 
participating members to attempt an im- 
provement in their teaching and if it 
gives them some means for evaluating 
their efforts. The participants were given 
the opportunity to evaluate the short 
course in an opinionnaire which was 
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mailed to them after the meeting had been 
held. In response to the question “What 
important plan, decision, or course of 
action are you considering as a partial 
result of taking this course?”, some re- 
plied as follows: 


‘‘In my thermodynamics course—give 
more practical applications as _ interest 
arousers, build tests with a purpose behind 
them.’’ 

‘*T intend to reduce the amount of time I 
spend in lecture and to make more use of 
demonstrations and recitations.’’ 

*‘T intend to read some of the suggested 
books and am trying to apply some of the 
suggestions regarding examinations.’’ 

‘¢Entertaining plans for giving students 
more responsibility in conduct of courses.’’ 

‘‘Self appraisal, attempt at improving 
both teaching and testing techniques.’’ 

‘¢*Beginning next fall, am planning to 
completely revamp my methods of presenta- 
tion and evaluation.’’ 

‘Develop in my own mind a more coher- 
ent philosophy of teaching what—and above 
all why?!?? 


The committee feels that the program 
was eminently worth-while. The enthusi- 
astie response on the part of the less ex- 
perienced teachers indicates that it is only 
the first step in a more extensive and in- 
tensive training program for engineering 
teachers of the North Midwest Section of 
A.S.E.E. 
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Leaders are Made— 





Engineering Style 


By H. A. ESTRIN 


Assistant Professor of English, Newark College of Engineering 


How does a treasurer set up his books? 
What are the techniques of writing ac- 
curate minutes of the meeting? How 
ean one conduct a meeting according 
to parliamentary procedure? How can 
committees operate efficiently? How can 
an organization establish good public re- 
lations with the student body, the faculty, 
the community? 

Students at Newark (New Jersey) 
College of Engineering have asked these 
questions periodically. Because of the 
erying need for help in these matters the 
Nu Chi Epsilon Fraternity, the honor 
leadership organization, undertook the 
responsibility to sponsor a_ leadership 
conference for the students, the faculty, 
and the administration. 

In a letter to everyone in the college 
the conference aims were told: 


Yearly, students are elected to responsible 
positions in their classes, sections, clubs, 
fraternities, and societies; yet they have 
little or no knowledge of how to administer 
their office successfully. Treasurers’ reports 
which amount to hundreds of dollars are 
haphazardly kept; secretaries’ minutes are 
poorly and inaccurately written; meetings 
are conducted without parliamentary rules; 
committees fail to function properly and to 
fulfill their objectives. * 

Throughout the college year various kinds 
of affairs involving the expenditure of large 
funds and many man hours completely fail, 
resulting in substantial financial losses and 
a lowering of the morale of the students in- 
volved in the extracurricular activities of 
the college. 

The purposes of this meeting are as fol- 
lows: to discuss the principles of parliamen- 
tary procedures; to suggest a standardiza- 
tio of treasurers’ reports and secretarial 
minutes; to erystallize the concept of the 
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role of the leader; to learn to use public 
relations effectively; to present resources re- 
garding extracurricular activities; to pre- 
sent the various problems of individual 
group relations; to try to find solutions to 
these problems; to promote an esprit de 
corps between leaders of various clubs, 
teams, classes, and groups; to stimulate 
more student cooperation and activity 
within groups. 


The conference was conducted in two 
parts: the panel discussion and the work- 
shops. The panel consisted of four 
speakers: The President Emeritus of the 
College spoke on “The Role of the 
Leader”; the President of the College, 
“The Use of Committees”; the Director 
of Public Relations, “The Value of Pub- 
lie Relations”; and the Secretary to the 
College Faculty, “Techniques of Writing 
Secretarial Minutes.” Each speaker had 
a student associate. After these speeches 
the panel was thrown open to enable 
members of the audience to learn answers 
from authorities. 

After a fifteen-minute intermission 
which allowed for a general socialization 
of the panel and the audience, the work- 
shops were formed, based on the indi- 
vidual need of the participant. For ex- 
ample, in the treasurers’ workshop the 
comptroller of the College presented a 
typical treasurer’s form adaptable for 
all organizations to keep their financial 
records; pamphlets on “Parliamentary 
Law” were distributed and discussed in 
the workshop for parliamentarians and 
vice-presidents; a procedure for collating 
resources and texts for all clubs and so- 
cieties to examine before sponsoring an 
event was decided upon in the workshop 
on resources; the dissemination of pub- 








334 


licity and the value of public relations 
were also crystallized in this meeting. 
Each workshop had a student and a fac- 
ulty chairman so that an impartial, demo- 
cratic attitude permeated the meeting. 

In each workshop one of the senior 
members of the honor society recorded 
the findings and the recommendations of 
each assemblage. These were mimeo- 
graphed and distributed to all those who 
requested them. In this way one can 
obtain a complete summary of the entire 
conference. 

Some of the pertinent findings that 
were recorded are as follows: 


Workshop for Presidents 


The desirable qualifications of a good 
president are poise and control of tem- 
per; respect for time, its value and use; 
ability to take and give constructive crit- 
icism; broadmindedness; wisdom to seek 
aid from competent sources; and good 
judgment, or the ability to make good 
“snap decisions,” as well as those based 
on logical reasoning. All these qualifica- 
tions are never found in one man, but 
when a group is electing a president, the 
man with the most abilities should be 
chosen. 

The success of a president can be meas- 
ured by determining whether the organ- 
ization is able to run well for reasonable 
periods of time without the top man or 
whether a change in its personnel does 
not result in noticeable strain or stress. 


Workshop for the Parliamentarians and 
Vice-President 


The basic aim of parliamentary proce- 
dure is to get the cooperation of the gov- 
erned. All organizations specify in their 
by-laws which “rules of order” are to be 
used by the organization. The candi- 
dates for office are usually discussed in 
caucus before the time for nominations 
to eliminate abnormal refusals. The 
mere placing of the names on the ballots 
is worthless, unless the persons actually 
desire the job and are properly qualified. 
It is a good idea to have motions sub- 
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mitted in writing, whenever possible, so 
as to facilitate the work of the chairman, 
Parliamentarians should become _ thor. 
oughly familiar with Roberts’ “Rules of 


_ Order.” 


Workshop for Secretaries 


Secretaries are not per se leaders, 
though the job may be a stepping stone, 
Usually the secretary takes little part in 
discussion because of his transcribing 
commitments. His minutes are a reflec. 
tion of the Chair’s conduct of a meeting. 
The importance of his functions depends 
on the size of the organization, the scope 
of the activities and the democracy of 
the meeting. As an aid to accurate and 
well-planned minutes, whenever possible, 
the agenda and proposed motions should 
be obtained in written form before the 
meeting. The minutes should be read 
with spirit and in a manner which will as- 
sure the members’ attention and should 
become a permanent record of the history 
and proceedings of the groups. 


Workshop for Treasurers 


An efficient treasurer will set a speci- 
fied time for collecting dues and complet 
ing records. He should always issue a 
receipt for money paid in, no matter how 
much. If possible, he should try to have 
a checking account. If the organization 
is large enough, the treasurers should be 
bonded. Minimum bonding premium is 
$10.00 per year for small organizations 
This conference had the following r- 
sults: 


1. It brought the administration, the 
faculty, and the students on a demo- 
eratic basis to discuss their mutual 
problems of the College. 

2. It gave the students first-hand, tan- 
gible information on _ leadership 
by assembling the outstanding and 
proved leaders of the student body, 
the faculty, and the administration. 

3. It specifically offered specialized as 
sistance from experts in the field; 

that is, the President Emeritus, the 
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President, the Dean, the Public Re- 
lations Officer, the Secretary to the 
Faculty, and the Comptroller gave 
concrete facts, techniques, and pro- 
cedures that will be practical for 
student organizations. 


. It helped establish an esprit de 


corps among the students, the fac- 
ulty, and the administration. 


5. It afforded the participants an op- 
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portunity to acquire new resources 
and to use the library profitably for 
the improvement of their organiza- 
tions. 


. It disseminated valuable and helpful 


literature. 


. It illustrated the importance of the 


use of public relations. 


. It awakened a new spirit and inter- 


est in extracurricular activities. 











TIMELY TIPS 


TIMELY TIPS is a new section in the Journal devoted to wnique ways of teach- 


ing difficult concepts so that they can be easily grasped by students. 


Contribu- 


tions to this section should constitute an improvement over current textbook 


presentations. 
lustrations). 


seem simple, your colleagues will be glad to see them in the Journal. 


They should not exceed two Journal pages in length (including il- 
If you have novel, short-cut methods of making difficult concepts 


Send con- 


tributions of the Editor, Professor A. B. Bronwell, Northwestern University, 


Evanston, Illinois. 


Using the Ordinary Slide Rule to Reciprocate Complex Number 


By WILLIAM A. EDSON 
Professor of Electrical Engineering, Georgia Institute of Technology 


Abstract: A simple and rapid means for 
finding the reciprocal of a complex number is 
described. The necessary scales, A, C, D, 
and CI, are found on almost all slide rules. 
In many electrical network calculations the 
method is preferable to that employed with 
the so called ‘vector’ rule. 


About fifteen years ago the author 
devised a convenient method for obtain- 
ing the reciprocal of a given complex 
number by means of a slide rule having 
only the scales A, C, D, and CI. Be- 
cause the method does not appear to be 
well known it is described here. 

The problem is to find 


Y=1/Z (1) 
where Z is given by the equation 
Z=R+ 5X (2) 
and Y has components 
Y=G+jB (3) 


That is, given the real numbers RF and X, 
to find the corresponding real numbers G 
and B. Conversely, given G and B one 
finds R and X by the same procedure. 
The first step in the process is reason- 
ably well known* and represents the 


*This was pointed out to the author by 
Professor R. P. Siskind of Purdue University, 
then at Harvard. 
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algebraic manipulation. 


|Z| = VR? + X? = RV1 + (X/R)? 
= XV1 + (R/X)* (4) 


The larger of the two given compo 
nents is divided by the smaller, and the 
ratio is found on scale D at the index of 
C. The square of this ratio is found on 
the A scale at the same position. The 
operator momentarily notes this squared 
ratio, increases it by one, and moves the 
index of C to correspond. The use of the 
hairline facilitates this operation be 
cause the scales rarely permit the settings 
by eye and because the hairline can be 
set to the new position before the original 
setting of the slide is disturbed. The 
index of C now corresponds to the magni- 
tude of the radical, and |Z] is found on 
D opposite the original divisor. 

If for example R = 4 and X = 3 one 
divides 4 by 3 and finds 1.333 on D. 
The square of this number, 1.778, is 
found adjacent on A. When augmented 
by one this becomes 2.778, whose square 
root, 1.667, is found adjacent on D. 
This number, when multiplied by the 
original divisor, 3, yields |Z| = 5 as it 
should. 

The next step, which appears to be 
novel, and may also be employed with 
vector rules, depends upon the propor 
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tionality which exists among the com- 
ponents 


[Z|/|¥| =R/G = —-X/B (5) 


That this is true is readily seen from the 
similar triangles of Fig. 1. It is applied 
to the slide rule by bringing |Z| on the 
CI scale into line with |Z| on the D 
scale, as found above. This, of course, is 
equivalent to establishing the ratio ex- 
pressed by (5) because | Y| on C is ad- 
jacent to |Z| on CI. The desired 
answers G and B are then read off scale 
C at points opposite R and X on D, 
without further motion of the slide. 
Completing the numerical example, 
the red 5 on CI is set opposite the black 
5 on D, corresponding to |Z|. This, of 
course, is equivalent to setting 0.2 on C 
opposite 5 on D, but is much easier in 
execution. The required answers, 
G = 0.160 and B = — 0.120, are found 
on C opposite 4 and 3 respectively on D. 
As a second example let us find the 
impedance which is the reciprocal of an 








Fic. 1. Similar triangles of impedance and 


admittance. 
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admittance Y = 1+ 72. Theratio B/G 
is immediately known and its square on 
A is 4. Addition of one yields 5 on A 
corresponding to the absolute magnitude 
|Y| = 2.236 on D. Bringing 2.236 on 
CI to this position yields |Z| = 0.447, 
R = 0.200 and X = — 0.400. 

It will be found that the examples 
chosen work well on the stated scales, 
but that other combinations are greatly 
facilitated by the use of the folded scales 
DF, CF, and CIF, which are found on 
most modern rules. 

The method does not give nor require 
the phase angle, which is sometimes an 
advantage and sometimes a disadvantage. 
However, the required reciprocal, in 
complex (rectangular) form, is obtained 
without writing down or remembering 
intermediate results, a real convenience 
in tabular calculations. Moreover, all 
of the six important numbers are simul- 
taneously displayed at the final setting, 
an advantage not shared by conven- 
tional vector rules. 

In closing it is of interest to note that 
about ten years ago the K & E Company 
made up several special slide rules for the 
Bell Telephone Laboratories. These in- 
cluded a special reciprocation scale 
designated R which operated on at least 
substantially the same principles. The 
operation corresponding to (4) was 


achieved by transferring the ratio found 
by division from D to R. These rules 
were well received by those who had ac- 
cess to them, but have not been produced 
commercially. 
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H. M. Seull. 

WEEBER, RoBeRT E., Assistant Professor, 
University of Toledo, Toledo, Ohio. W. 
F. Brown, W. S. Smith. 

WEINERT, GLEN A., Instructor in Mechani- 
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cal Engineering, Ohio University, Athens, 
Ohio. E. J. Taylor, P. H. Black. 

Yane, TsuTE, Assistant Professor of Elec- 
trical Engineering, University of Toledo, 
Toledo, Ohio. W. F. Brown, W. 8. Smith. 

Yates, Epwin L., Director of College and 
University Relations, General Motors 
Corporation, Detroit 2, Mich. K. A. 
Meade, J. C. McElhany. 

Z1zIcAS, GEorGE A., Junior Engineer, Engi- 
neering Research, University of Cali- 
fornia, Los Angeles, Calif. M. L. Orr, 
C. M. Duke. 


270 new members this year 






AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


NOMINATION BLANK 





“ARTICLE XI, Section 3. (Election of Officers) By means of a form to be printed 
in The Journal of Engineering Education or in the preliminary program of the annual meet- 
ing, an opportunity shall be given to individual members of the Society to submit names of 
persons to be considered for said officers. These names, on the form provided, shall be sent 
to the Secretary of the Society not less than sixty (60) days prior to the annual meeting; and 
the Secretary shall submit the suggested names to all members of the Nominating Committee.” 


In order to make the election of officers of the Society as democratic as possible, 
members are urged to fill out the nomination form and return before April 15, 1951 
to the Secretary, A. B. Bronwell, Northwestern University, Evanston, Illinois. 


I nominate the following members of the Society for officers: 
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Section 
Allegheny 


Illinois-Indiana 


Kansas-Nebraska 


Michigan 


Middle Atlantic 


Missouri 


National Capital Area 


New England 
North Midwest 


Ohio 
Pacific Northwest 


Pacific Southwest 
Rocky Mountain 
Southeastern 


Southwestern 


Upper New York 


Location of Meeting 
Carnegie Institute 


Northwestern 
University 


Kansas State College 


General Motors 
Institute 


Rutgers University 


University of 
Missouri 


George Washington 
University 

U. S. Naval Post 
Graduate School 

Rhode Island State 
College 


University of 
Minnesota 


Ohio State 
University 


University of Idaho 


Stanford University 


Buena Vista Hotel 


Texas A. & M. College 


Clarkson College 


Section Meetings 


Dates 
April, 1951 


May 19, 1951 


May 20, 1951 


May 12, 1951 


April 7, 1951 


Feb. 6, 1951 


May 12, 1951 


Oct. 13, 1951 


1951 


March 22, 23, 
24, 1951 


Oct. 12-13, 
1951 





Chairman of Section 


D. F. Miner 
Carnegie Institute 
W. C. Knopf 
Northwestern 
University 
Kenneth Rose, 
University of Kansas 
H. M. Dent, 
General Motors 
Institute 
C. H. Willis, 
Princeton University 
R. J. W. Koopman, 
Washington 
University 
R. B. Allen, 
University of 
Maryland 


W. C. White, 
Northeastern 
University 
E. W. Johnson, 
University of 
Minnesota 
W. F. Brown, 
University of Toledo 
A. §. Janssen, 
University of Idaho 
E. D. Howe, 
University of 
California 
J. E. Christiansen, 
Utah State 
Agricultural College 
E. B. Norris, 
Virginia Polytechnic 
Institute 
R. L. Pourifoy, 
Texas A. & M. College 
W. H. Allison, 
Clarkson College 


Members of the Society are welcome at all Section Meetings 
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GAS TURBINE locomotive, first in U.S., is 
now on test. It’s propelled by power unit 
akin to that used in aircraft jet engjnes. 


These new G-E developments are creating 


exciting new opportunities for G-E men 


who are helping to win a place for 
G-E remote-control wiring. 


The gas turbine, drawing power 
from red-hot gases, is being applied 
by General Electric to the propul- 
sion of locomotives, ships, and 
planes, and to the generation of 
electricity. More than 350 G-E en- 
gineers, physicists, and other spe- 
Cialists, assigned to this work, are 
in on the ground floor of a develop- 
ment that promises to revolutionize 
the production of power. 

It’s a similar story for the special- 
ists working today in the develop- 
ment of G-E silicones, and for those 


New developments like these are 
opening up new opportunities at 
General Electric, giving more col- 
lege graduates the chance of finding 
exciting, satisfying work. 


By placing prime importance on 
the development of talent and skill, 
by providing incentives for crea- 
tive minds, General Electric keeps 
ahead in electrical research, en- 
gineering, and manufacturing. 


GENERAL @ ELECTRIC 
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VAN NOSTRAND Fes 
FOR COLLEGE TEXTS cS 


| WIDELY ADOPTED | 


PROCESS EQUIPMENT. DESIGN 


By Hermann C. Hesse and John H. Rushton. Includes in one 
comprehensive text all the design information needed in process 
engineering for direct application. 580 pp., 6x 9, Cloth, $6.00 


ELEMENTS OF APPLIED ENERGY 


By Frederick T. Morse. An introduction to the various forms 
of energy which explains the how and why of the machines and 
other equipment in which energy plays a part. 454 pp., 6x 9, 
Cloth, Illus., $5.50 


MECHANICAL LABORATORY METHODS 


5th Edition by Frederick W. Keator. Text based upon the 
original work by J. C. Smallwood. A reference and guide for 
laboratory courses in thermodynamics and heat power. Junior 
and senior level. 380 pp., 6 x 9, Cloth, Illus. $4.75 
































TESTING OF ENGINEERING MATERIALS 


By Carl W. Muhlenbruch. Provides broad coverage of the prop- 
erties of engineering materials. Eighteen experiments organ- 
ized into eighteen complete chapters. 200 pp., 64 x 94, Cloth, 
Illus, $2.75 


ENGINEERING TOOLS AND PROCESSES 


By Hermann C. Hesse. A one semester lecture or reading 
course. Directs particular attention to mass production. Illus- 
trated with many excellent tool photographs, drawings and dia- 
grams. 627 pp., 6x 9, Cloth, Illus. $5.00 


POWER PLANT ENGINEERING AND 
DESIGN 


2nd Edition. By Frederick T. Morse. Provides a real under- 
standing of power plant equipment. Many sample problems 
as solved as well as wide choice of unsolved problems. 
703 pp., 644 x 94, Cloth, Illus. $6.50 


IF YOU TEACH OR DIRECT THESE COURSES, 
EXAMINATION COPIES ARE AVAILABLE FOR YOU. 























& D. VAN NOSTRAND COMPANY, INC. 


PUBLISHERS SINCE 1845 
250 FOURTH AVENUE NEW YORK 3. NEW YORK 





rt: New MCGRAW-HILL Zooks 


MATERIALS OF CONSTRUCTION FOR CHEMICAL 
PROCESS INDUSTRIES 


By James A. LEE, Southwestern Editor of Chemical Engineering. 
Chemical Engineering Series. 468 pages, $6.50 


Here is a “dictionary” of the materials of construction used in the 
production and handling of chemicals involving problems of corro- 
sion. Over 300 chemicals, combinations of chemicals, food stuffs, 
pulp and paper, soap, synthetic resins, etc. are listed alphabetically 
with descriptions of production, handling, and packaging. 


JET AIRCRAFT POWER SYSTEMS. Principles and 
Maintenance 


By Jacx V. Casamassa, Academy of Aeronautics, La Guardia 
Field. 338 pages, (textbook edition) $4.25 


Jet Aircraft Power Systems is designed specifically to fill the need 
for a volume, which, in addition to examining the basic theory of jet 
engines, deals with the related problems of construction, installation, 
operation and thrust augmentation. The treatment is practical 
and, with the exception of the chapter on jet propulsion theory, non- 
mathematical. 


DIE CASTING 
By H. H. Dogster, Doehler-Jarvis Corp., N.Y.C. In press 


A complete, authoritative, and yet practical treatment of the subject 
—providing an exhaustive treatment of its three aspects: production, 
engineering, and materials. All subjects are treated, first, in a 
fundamental, then in a general, and finally in a specific, technical 
manner. 


ADSORPTION. New 2nd edition 


By C. L. MANTELL, Newark College of Engineering. Chemical 
Engineering Series. Ready in March 


In general the scope of this text has been greatly expanded in the 

new edition, although the theoretical section is only slightly modified. 

Much new material is presented, many chapters considerably en- 

larged, and in all instances the text has been revised to incorporate 

—— which have taken place since publication of the previous 
1tlON,s 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West &2nd Street New York 18, N. Y. 

















